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VASCULAR ENDOTHELIAL GROWTH FACTOR 2 



Background of the Invention 

The present invention relates to newly identified polynucleotides, polypeptides 
encoded by such polynucleotides, the use of such polynucleotides and polypeptides 
as well as the production of such polynucleotides and polypeptides. The polypeptides 
of the present invention have been identified as members of the vascular endothelial 
growth factor family. More particularly, the polypeptides of the present invention are 
human vascular endothelial growth factor 2 (VEGF-2). The invention also relates to 
inhibiting the action of such polypeptides. 

The formation of new blood vessels, or angiogenesis, is essential for 
embryonic development, subsequent growth, and tissue repair. Angiogenesis is also 
an essential part of certain pathological conditions, such as neoplasia (U, tumors and 
gliomas). Abnormal angiogenesis is associated with other diseases such as 
mflammation, rheumatoid arthritis, psoriasis, and diabetic retinopathy (Folkman, J. 
and Klagsbrun, M., Science 235:442-447( 1987)). 

Both acidic and basic fibroblast growth factor molecules are mitogens for 
endothelial cells and other cell types. Angiotropin and angiogenin can induce 
angiogenesis, although their functions are unclear (Folkman, J., Cancer Medicine 
Lea and Febiger Press, pp. 153-170 (1993)). A highly selective mitogen for vascular 
endothelial cells is vascular endothelial growth factor or VEGF (Ferrara N et al 
Endocr. Rev. 75:19-32 (1992)), which is also known as vascular permeability factor 
(VPF). 

Vascular endothelial growth factor is a secreted angiogenic mitogen whose 
target cell specificity appears to be restricted to vascular endothelial cells. The murine 
VEGF gene has been characterized and its expression pattern in embryogenesis has 
been analyzed. A persistent expression of VEGF was observed in epithelial cells 
adjacent to fenestrated endothelium, e.g., in choroid plexus and kidney glomeruli 
The data was consistent with a role of VEGF as a multifunctional regulator of 
endothelial cell growth and differentiation (Breier, G. et al. Development 114-521- 
532 (1992)). y 

VEGF shares sequence homology with human platelet-derived growth factors 
PDGFa and PDGFb (Leung, D.W.. et al, Science 246:1306-1309, (1989)) The 
extent of homology is about 21% and 23%, respectively. Eight cysteine residues 
contributing to disulfide-bond formation are strictly conserved in these proteins 
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Although they are similar, there are specific differences between VEGF and PDGF. 
While PDGF is a major growth factor for connective tissue, VEGF is highly specific 
for endothelial cells. Alternatively spliced mRNAs have been identified for both 
VEGF, PLGF, and PDGF and these different splicing products differ in biological 
activity and in receptor-binding specificity. VEGF and PDGF function as homo- 
dimers or hetero-dimers and bind to receptors which elicit intrinsic tyrosine kinase 
activity following receptor dimerization. 

VEGF has four different forms of 121, 165, 189 and 206 amino acids due to 
alternative splicing. VEGF121 and VEGF 165 are soluble and are capable of 
promoting angiogenesis, whereas VEGF189 and VEGF-206 are bound to heparin 
containing proteoglycans in the cell surface. The temporal and spatial expression of 
VEGF has been correlated with physiological proliferation of the blood vessels 
(Gajdusek, CM., and Carbon, S.J., Cell Physiol. 759:570-579 (1989)- McNeil 
P.L., etal, J. Cell. Biol. 709:811-822 (1989)). Its high affinity binding sites are 
localized only on endothelial cells in tissue sections (Jakeman, L.B., et al Clin 
Invest. 59:244-253 (1989)). The factor can be isolated from pituitary cells and several 
tumor cell lines, and has been implicated in some human gliomas (Plate K H 
Nature 559:845-848 (1992)). Interestingly, expression of VEGF121 or VEGF165 
confers on Chinese hamster ovary cells the ability to form tumors in nude mice 
(Ferrara, N. et al, J. Clin. Invest. 97:160-170 (1993)). The inhibition of VEGF 
function by anti-VEGF monoclonal antibodies was shown to inhibit tumor growth in 
immune-deficient mice (Kim, K.J., Nature 562:841-844 (1993)). Further a 
dominant-negative mutant of the VEGF receptor has been shown to inhibit growth of 
glioblastomas in mice. 

Vascular permeability factor (VPF) has also been found to be responsible for 
persistent microvascular hyperpermeability to plasma proteins even after the cessation 
of injury, which is a characteristic feature of normal wound healing. This suggests 
that VPF is an important factor in wound healing. Brown, L.F. et al J Exp 
Med. 176:131 5-12,19 (1992). 

The expression of VEGF is high in vascularized tissues, (e.g., lung, heart 
placenta and solid tumors) and correlates with angiogenesis both temporally and 
spatially. VEGF has also been shown to induce angiogenesis in vivo. Since 
angiogenesis is essential for the repair of normal tissues, especially vascular tissues 
VEGF has been proposed for use in promoting vascular tissue repair (e.g., in 
atherosclerosis). 
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U.S. Patent No. 5,073,492, issued December 17 log, , ru 

discloses a method for synergisticallv ,nh • ° Chen " 

appropriate environment ^ ta « 

effectors and se^enved facL T G ^ t0 ^ enVir ° nmem ' 

a mammal vascular endothelial ^ ^n^Td ^ ^ » 

promotion of vascular development LZT ' " ^ * ** "» 
Application No. 92302750.2, published 

September 30 1992^ Eur0pCan Patent 



S«vnmcry of the Invention 

15 human VBGF. ^ °° ^ *V*<*x homology to 

In accordance with one asDccr nf 
novel marure polypeptides as Je7 11 m P rovidal 

>h= present invention are of human origin. The """JW^ of 

20 In accordance with another asrect of rk. - 

isolated nucleic acid molecules con^T ^ ^ m 

~ VEGF-2 ^teZmTZ ^ M ^ ° r 
NOS:2 or 4. resp^vdvTl T shl>w " * 5*5 ID 

' ATCCDepositNumher^^Xr" ' 7M9 " * '« « 
iy useful fragments, analogs, and derivatives of VEGP-2 

• -*fc acid sequence eroding a JT^J^ ^ 
conditions promoting expression „ f ^ PrcSem '"""•""I ™*=r 

proteins. """^ ^ «<-y of said 

In accordance with yet a further a.sn«rt «f 
Provided processes for utilizing suchpolvDent^l Present invenUon, there m 
polypeptides for therape* T ^ ^ 

purposes, for example, to stimulate angiogenesis. 
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wound-healmg, grown, of 

"par. In particular, M USSUe ' Md » P™»«e vascular tissue 

Pft-drtd. encoding - ^2 ^ * 8 " 

In accordance with yet another as™ nf ,u ' 
provided antibodies against such polypepu^ 1 ^ **" « 

polypeptides. P W PUdCS and P rocess « for producing such 

In accordance with yet another asner, «f »u 
provided antagonists to such poI V ne DtidfM: K ° PreSem invention . *erc are 
» -h polypeptides, for exatnpTe^"^ ' * "* * ^ "» — " 
growth of tumors, to treat diaLtic retiZl J angl ° geneSiS "« inhibit *e 
psoriasis. ° rheumatoid arthritis and 

In accordance with another asnert- rt f ,k 
—* acid probes compri^ „„ cfc c ^/T 7""°"' Provided 
» <^ hybridize tonucleic Kid sequent * ■ aU « » 

methods „, diagnosing diseases or a ' ,,Ve '* i0 "• " 

nucleic acid sequent of „. ™ Q * 1,Wll J' ><> *«ases relafed to mmations h, 

acid seance, P ~" ""^ » d I™*- encoded by such nucleic 

20 In accordance with yet a further aspect of th, 

P'ovtded a process for utilmng such nol»™. PIKe "' "' Ven ' ion ' U,ere " 

Polypeptides, for fc w, ro purf^ rTjT " P °'~ *» ««* -* 
and manufacture ofDNA vectors. ° SCB °" & KSCarCh ' I™**" »t DNA 

These and other acrvwr n_ 

» ^edin theart frorn d£^£T" ^ ^ * «P~ to those 

Brief Description of the Figures 
The following drawings are illustrative of ernhnrf 
« not meant to limit the scope of the inve^tiln . * ° f inVention 

as encompassed by the claims 
*°«*d amino ^ ' SE Q m NO:,, and the 

-prises appro^y 4I9 am^T^ ™^ * ^ 
represent the teaier sequence. H« sundard one te 1 23 
•» used. Sequence was ae*™, „ abbrevtauons for amino acids 

^(UedBio^trtur 373 A »»— DNA 

than 97*. Se « ,le " cra « «"™cy is predicted to be greater 
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Figures 2A-2D show the nucleotide (SEO ID NO ^ a u 
acid (SEQ ID NO:4) sequence of . ,n 7C } deduced amino 

5 Figures 3A-3B are an illustration of th 

between PDGFa (SEQ ID NO- 5 ) PDGFh nJnJT" ^ h ° molo & 
™2 ( SE QI D N0 ^ 

the locationofOteeight conserved <^^^ * ^ 

10 PDGFb.VEGF, anTvEGJ^ ^ ** m ™ h ° m ° l0gy be,ween PD GFa, 

Figure 5 shows the presence of VEGF-2 mRMA • u 
lines. tUh 2 » human breast tumor cell 

Figure 6 depicts the results of a Northern w« t . • 
adult tissues. ™™ bbt * VEGF-2 in human 

15 Figure 7 shows a photograph of an SDS-PAGE ?e l aft. • 

translation and electrophoresis of the polypeotide of 1 

"C and rainbow M.W. marker Lane * FGF inVCntion - ^ 1: 

MlS-reverse and forwa* prim^e ^2 ' ^ 7*** ~ * 
VEGF-F4 primers; Lane 5- VEGfT V '7 T ? ' * Ml3 reVeree ^ 
10 primers . • P roauce d by M13 reverse and VEGF-F5 

Figures 8A and 8B depict photographs of SDS PAGF , lfB 

Figure 9 depicts a photograph of an SDS PArr ' , 
<* infected w ilh a nucleic add ' of L * ^ " Kdinm frora SR> 

brilliant blue. Y 5DS " PAGE and stained with Coomassie 

Figure 10 depicts a photograph of an SDS-PAGE eel VECF , 
from the medium supernatant and analyzed by SDS PAGF „ ^ 
of the reducing agent b-mercaptoethand and !, fu " ** W absence 

Pi,- 1, depicts «J^^* < "^»* 
RP-300 column (0.21 x 3 cm A^ B ^ ^ *** a 

equiiib.tcdwithO,,. m^J^^^^ The — was 

7-5 min gradient from 0 to 60% Solvent B ^ **' Wkh 3 

^ivent B, composed of acetonitrile containing 
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ZIZ <l? T° was mo "" orcd by absorba " M « 215 «- r*r *»> 

Ftgure 12 is a bar graph Ulc.stra.ing the effect of partially-purified VEGF-2 
protein on the growth of vascular endothelial cell, in mm • v 
growth factor. companion to basic fibroblast 

Figure 13 is a bar graph illustrating the effect of purified VEOF-2 protein on 
the growth of vascular endothelial cells. 

Figure ,4 depicts expression of VEOF-2 mRNA in human fetal and adul, 
Figure 15 depicu expression of VEGF-2 mRNA in human primary culture 
Figure 16 depicts transient expression of VEGF-2 protein in COS-7 cells 
=»doJir,ls P ~ * 

endo Jr,l' 8 *** ^ * *- < 

Figure 19 depicts the stimulator, effect of VEGF-2 on proliferation of 
— ular u bUica. cord, endometrial, and bovine aortic endothelial 

and VEGF.T * *** * ** ° f HUVEC * VBGM 

ceUs^D^b^r 0 " °' ^ f0nMti0 " ° f -« « 

in the cZLZ^ SUm "'" i0n ° f M8i ° 8eneSiS * VBOM. and bFGF 

VEGF ^7 25 J tepiC ' S rcS,0ra,i0 " ° f P--«ers in the ischemic limb by 

VEOF-2 protem (Ftgure 25. top panels) atxl ^ expressk)n V 

ouddle panels): BP ratio (Figure 25a,; Blood Flow and H „„ ^ ^25, V 
Angtographtc Score (Ftgure 25c); Capillary ^ (Hgure ^ 25b) ' 
F.gures 26 A-0 depicts ability of VEGF-2 to affect the diastolic blood 
Z7 7"™' "~ Ve ~ < SHR > «««• 26a and b^t 

2^ H H ^ " *** bl0 ° d f— " «* VEGF-2. Hgu™ 

^andddeptctU^decreas^imear, artena, pressure (MAP) observe wi „ v^GF 2 
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Panel E shows the effect of increasing doses of VEGF-2 on the mean arterial pressure 
(MAP) of SHR rats. Panel F shows the effect of VEGF-2 on the diastolic pressure of 
SHR rats. Panel G shows the effect of VEGF-2 on the diastolic blood pressure of 
SHR rats. 

Figure 27 depicts inhibition of VEGF-2N= and VEGF-2-induced 
proliferation. 

Figure 28 shows a schematic representation of the pHE4a expression vector 
(SEQ ID NO: 16). The locations of the kanamycin resistance marker gene, the 
mumple cloning site linker region, the oriC sequence, and the Icclq coding sequence 
are indicated. 

Figure 29 shows the nucleotide sequence of the regulatory elements of the 
P HE4a promoter (SEQ ID NO:17). The two lac operator sequences, the Shine- 
Delgamo sequence (S/D), and the terminal HindUl and Ndel restriction sites 
(italicized) are indicated. 



Detailed Description of the Preferred Embodiments 
In accordance with one aspect of the present invention, there are provided 
isolated nucleic acid molecules comprising a polynucleotide encoding a VEGF-2 
polypeptide having the deduced amino acid sequence of Figure 1 (SEQ ID N02) 
which was determined by sequencing a cloned cDNA. The nucleotide sequence' 
shown in SEQ ID NO.l was obtained by sequencing a cDNA clone, which was 
deposited on May 12, 1995 at the American Type Tissue Collection (ATCC), 10801 
University Boulevard, Manassas, VA 201 10-2209, and given ATCC Deposit No 
97149. 

In accordance with another aspect of the present invention, there are provided 
.solated nucleic acid molecules comprising a polynucleotide encoding a truncated 
VEGF-2 polypeptide having the deduced amino acid sequence of Figure 2 (SEQ ID 
NO:4), which was determined by sequencing a cloned cDNA. The nucleotide 
sequence shown in SEQ ID NO:3 was obtained by sequencing a cDNA clone, which 
was deposited on March 4, 1994 at the American Type Tissue Collection (ATCC) 
10801 University Boulevard, Manassas, VA 201 10-2209, and given ATCC Deposii 
Number 75698. 

Unless otherwise indicated, all nucleotide sequences determined by 
sequencing a DNA molecule herein were determined using an automated DNA 
sequencer (such as the Model 373 from Applied Biosystems, Inc.), and all amino acid 
sequences of polypeptides encoded by DNA molecules determined herein were 
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Priced by transladon „, . DNA sequence determined as abo»e. Wore as is 
known „, the an for any DNA sequence determined by m momM J^'^ 
nnc.ea.de sequence d—tad herein may ^ Mme ^ "^JJ 
sequences coined by automation are WMv a leaM „„ , 0% J£ 
s M at east about 95% to at leas, at™ 99.9* identical ,„ the actual md ^ 
«ouence of the sequenced DNA n^ecnle. The aaua, sequence can" 

weU known ,„ he an. As ,s also known to to „, . si |e jnsOTion 

da™„ed nucleoude sequence compared ,o „ acua, sequence will eause a rl 

from dre an™ acid sequent actually encoded by me sequenced DNA molecule 
beginning at the point of such an insertion or deletion 

IS oh Bi J f POly °^ WUde a,COdto8 S P ° lyPep,ide «* "» P— « -vendon may be 
H »bta,„^rome a n ysttg e hllmane mbryo(we«k8 to 9) osteoclastoma,, adun J, * 

— JTvSsss Tco h r emb,y ° wk 9 " - ■— * 

unrw tanul y- " contains an open reading frame encoding a 
pro em of abou, 4,9 anuno acid restdues o, which approximately ,he firs 23 a2o 

oir°°, ? which praein MhibiB fc «* ~ 

PdTf Ta. T — * r - d "'— »™* ««« O0% idenuty). followed^ 
PDOF. 24%, and PDOFb (22%, (See Figure 4). It is particularly ir^nan, Z 1 

pxX^ 0C ta c ; d ( ^" ffi ^tr \* PDGF/VE0F 

Tk. i. , t 4 ^^ N °-8) is conserved in VEOF-2 (see Fiiure 31 

The homology be,w«„ VEOF-2, VEOF and the two PDOFs is a, JZ£ 
seouence level. No nucleoside sequence homology ^ „ ^ ^ ^ 
would be difficult to isolate the VPr.c o ,k L • mereiore, it 

30 stringency hybrid^™ """"^ ~* ^ ' '<>» 

tengu, po.ypepude and po,y„„c,eodde sequence which encodes for any leade 
sequences and for acdve fragment of the fu„ ^ fttm Acdvelg™ 

less mar, m. full 419 amino ac.ds of the full ,e„g„ amino acid se^uerce as shown in 
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* Na n; bl " C ° mai " e ' Sht CyS " ine ^ !h °™ "«-««" h Figure 
3 and that still have VEGF-2 activity. 5 

There area, fen two alternatively spliced VEGF-2 mRNA sequences present 

5 zrr? ?• wo bands in Rffire 7 - *• 5 *■ a* 

5 ^naively sphced mRNA encoding the VEGF-2 polypeptide of the present 

invention. 

the f T^ 1 * 1 ^* •fcP"*™ tovento may be in the fonn of 0A or i„ 

t DNA ^ ^ ^ DNA - - — DNA. 

^ DNA .ay be donbie-stianded or siugfe-stranded. and if sing,e « ^ „ 

Retire 1 ^ ^ idCTW "> ^ «*« — *» I. 

F.gu* 1 o, Figure 2. or that of the deposited clones, or may be a different coding 

eZTth " 2 ~* " ** ' * *> «-*^ 

» C« K to DNA of F ^ >■ «- - - 

m V" poiypeptides -"* 4 * *• ^ -» 

-tat only the codmg seo.ne.ce for the mature polypi ^ ^ J 

and additiona, coding sequences such as a leadfr oTsecreto" 
» ^ceo,,^, ^ J 

and opnonally actional coding seque^es, and „o„<oding sequences, Z as 

«r 8 "*-" 5 ' ■** 3 ' ° f * ~ »» *» — 

5 oo,™^ "t-T * P °"" Wcleo,i<fe a polypeptide" encompasses a 

5 po ynuc leoude which incUitfes o„!y coding sequences for the poiypeptide as well as a 

polynucfeoude which incudes additiona. coding a^or no„«L7s^ces 
1*. pn*en, invention further relate w v>lims of ^ 

polynucleotides which encode for fraements a „„l™. 

■v.lvn.-.ij. k • t nagments, analogs, and derivatives of the 

po ypepude having the deduced ^uno acid sequence of Figures 1 or 2, or the 
^de ^ dlvltecDNAoftheWcIoiies The variant of the 

non-naturally occumng variant of the polynucleotide. 

mar™, 11 ? ^ ^ inVB " k>n inC,UdeS P 0 '^*"^ encoding the same 
rnan« polypeptide as shown in Figures 1 or 2 or the same mature polype^ 
encoded by the cDNA of the deposit* clones as we,, as varUnfoT^ 
polynudeoodes which variants ercode for a (ragmen,, deri va„ve. or analo 0 I 
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polypeptides of Figures 1 or 2. or the polypeptide encoded by the cDNA of the 
deputed clones. Such nucleotide variants include deletion variants, substitution 
variants, and addition or insertion variants. 

As hereinabove indicated, the polynucleotide may have a coding sequence 
which u a naturally occurring allelic variant of the coding sequence shown in Figures 
l or 2, or of the coding sequence of the deposited clones. As known in the art, an 
allelic vanant is an alternate form of a polynucleotide sequence which have a 
substitution, deletion or addition of one or more nucleotides, which does not 
substanually alter the function of the encoded polypeptide. 

The present invention also includes polynucleotides, wherein the coding 
sequence for the mature polypeptide may be f used in the same readj frame ^ & 
po^nucleotide which aids in expression and secretion of a polypeptide from a host 
cell, for example, a leader sequence which functions as a secretory sequence for 
controllmg transport of a polypeptide from the cell. The polypeptide having a leader 
sequence is a preprotein and may have the leader sequence cleaved by the host cell to 
form the mature form of the polypeptide. The polynucleotides may also encode for a 
proprotein which is the mature protein plus additional 5" amino acid residues A 
mature protein having a prosequence is a proprotein and is an inactive form of the 
protein. Once the prosequence is cleaved an active mature protein remains 

Thus, for example, the polynucleotide of the present invention may encode for 
a mature protein, or for a protein having a prosequence or for a protein having both a 
prosequence and presequence (leader sequence). 

The polynucleotides of the present invention may also have the coding 
sequence fused in frame to a marker sequence which allows for purification of the 
polypeptide : of the present invention. The marker sequence may be a hexa-histidine 
* supphed by a pQE-9 vector to provide for purification of the mature polypeptide 
fused to the marker in the case of a bacterial host, or, for example, the marker 
sequence may be a hemagglutinin (HA) tag when a mammalian host, e g COS-7 
cells, ,s used. The HA tag corresponds to an epitope derived from the influenza 
hemagglutinin protein (Wilson. I., etai. Cell 37:761 (1984)). 

Further embodiments of the invention include isolated nucleic acid molecules 
comprising a polynucleotide having a nucleotide sequence at least 95% identical, and 
more preferably at least 96%, 97%, 98% or 99% identical to (a) a nucleotide sequence 
encoding the polypeptide having the amino acid sequence in SEQ ID N02- (b) a 
nucleotide sequence encoding the polypeptide having the amino acid sequence In SEQ 
N0:2 ' bUt laddng the N - teminal Conine; (c) a nucleotide sequence encodin* 
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- EQ ID NO* ( d> a nucleotide sequence encoding , ne „. J 

ac.d*,uence encoded by the cDNA clone contained in ATCC Deposit No 97149- J 
a nuc.eot.de sequence encoding the VECF-2 polypepude having the amino acid 

sequenc.en^edbytecDNAcl^co.tainedinATCCmpositNo^M^orm 
nucleot, e sequence commentary to any of the sequences in !, 



Further emtxvliments of the invention in= lu de isohted nuclejc ^ 
^pns^gapoiy^ceodde having a n^leodde sequence a, le» 95% Men^l 
more preferab,y a. ,east96%. 97%. 98% or 99% identic, to (a, a nucleodde see ueTce 
encodtng the po,^ ^ ^ ^ 

nucleou, ^=se qU encee„cc^gd K poly F , pU dehavi„g I hea m in„ acid sequence hi 

XZ^r ^^^-^-^"bout.^bou,^ 
■n SEQ ID N0.4; (d) a nucleot.de sequence encoding the polypeptide having the amino 

nucle.de sequence comp^ to any „„he ^ ^ „ 

■denncal to a reference nucleodde sequence encoding a VEGF-2 polvneodde is 
m^edthatthe„ucle«idese,ue„c«o, the ,K>lynucleoti<L identical £Z 
«<P*nce except that the polyn^ u 

~ of 0* reference nucleotide sequent encoding 

VEGF-2 polypepude. In 0 U>er words, to obtain a polynucieodde having a nucleotide 
— a. .east 95% idendca. to a refers nudeodde sequence, up o 5% oTtl 
uc leohdes .n the reference s«,ue„ce .nay he delefcd or substituted with ^ 
~e, or a number of nucleotides up to 5% o, the ^ nuclides m „. 

Sirr* ^ * lmaai imo *• Kfem,ce ^ »' 

tne reference sequence may occur at the 5N nr w i 

, . . 3 me 3N or 3N terminal positions of the reference 

among nucleotides in the reference sequence or in one or JL conngucl 
groups within the reference sequence. ore connguous 

o<» * """"^ matttr ' Wbe * er " w ' Mnk:,,lor »«=•* acid molecule is a. least 
95%. 96%. 97%. 9S% or 99% idendcal to, for instance, the nuclei X£ 
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how „ SEQ m NOS:l or 3. „ r 10 the nuc ,e„ t i te ^ „ fa 
*ne(s can be detent convention^ using known computB ^ sluT* 
•he Bestfi, program (Wisconsin Sequence Analysis fttckage Version Tt n 

CcrnpuKr Croup. Universi , 5 V— ^ 

W 33711). Bos* oses the fa,, homology 

AA*»«i „ Applied Mahmrics 2: 482-489 (l 98n 10 fmrf „, k WaB ™»>. 
homology tetween two sequences. ^ * ■»« - 

to, program , 0 ^ wteher . ^ ce sT ""~ 

» set, of coon*, such of P*n«n= to are 

^ferencenucleoddesequencear*. tha, gaps in ta^^ W 
number of nudeoUdes in the reference sequence are allowed 

As described to detail below, the polvoeotid.. n f .i„ 
us* .0 raise p.,^ Md monoclonal ^ - * 

assays for dettaine VEGF ■> • ful '" 

antagonist caTb , If ^ " ***** « 85 - 

niwtgomsis capable of enhancing or inhibiting VFOK o • * 

such polypeptides can be used in the yeast tw 0 2 h 

orot^in w,^- y St tw °-hybnd system to "capture" VEGF-2 

protein binding proteins which are also candidate agonist and ant,™ . , 
the present invention. T* e yeast two hybrid svstel T accordin * * 

Nature 340:245-246 (1989) " 15 fa Hdds md Son *. 

In another aspect, the invention provides a oentide or ™i, 
an epitope-bearing portion of a polypeptide ofl ,7 ^ 
^des or polypeptides ^J^£^" * !* ^ ° f 
Protein molecule to which an L^yZ^ ' 3 

immunogenic epitopes) nor to the amino or carboivl , „ 

extreme* hydrophobic a*, those of six I LT^i ^ • ha ' * 

inducing antibodies tha, bind to 1 " taBtehe * 

esoeciallv ,h™. ™ . ™ CkKl l>rottfa; '""S"' soluble pepUdcs 

suT?^ * PK,line reSidUeS ' « •«"». Su ,c,if,e „ „, 
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containing 8-39 residues covering 75% of ,h P 

hemagglutinin HA1 polypeptide chain inH , qUe " Ce ° f ** influenza *™ 
P-ein or i ntact V^ZT^f ** ^ *> HA1 

*om the rabies *^^T^^ V ^ - 
5 Proteins. 3001)0(1,65 tha < Precipitated the respective 

Antigenic epitope-bearing peptides anrf , 
^refore useful to ^ * «* invention ane 

™*»a ™»*>*™> - bind 

obtained by fusion of spleen cells from a ' * Sh Pr ° POrti ° n of "ybridomas 

-V* a, 663. The „ibodi K ^ ""'^ S ^'" « 

POlypcpte are usefu! „ ^ ^ ic ™"' C pepiides , 

pepiite may be „*„ for ^ fclT™ Pr °' era ' Md „ differ, 

whic u„de, g «s - » P^n preen™ 

' 5 ""J""" «* * — i„ a varied ^ - -d*** 

mimicked prolein, for instance in competitiMas "'"""'^ *>' «* 

'mnHmopiecipitadon ^ Sk i ' " d , a " d ""f" ^e, peptjfc ta 
• m. The ami-pep,,* ^ ™ f 2 W *°» - *. C* ,7:767-778 (HM) 

taown i„ „. by sorDtl on chronwography using ^ 

m«p re ^lya.,eas t nineand m ^p^ h r!. ° f 31 leaa — • 

» acids conned ^ *" " '° ** 30 

Hoover. ^ or po^ ^ * ° f fc '"^ndon. 

^ U er«ofapol y pep^ of fc j P "^f a ^ P°"i°" of an amino acid 
* ««. or ,50 amino acids. „ r . ^ "f .*" * 40, 50, 60, 70, 80, 

<* » POlypep.ide of JZSf , a " d "**« *» «*• — acid 
» P^des or po lypepudes of „, jny *> » considered eptope.^ 

- with me p^r ^ " " Se,Ul fOT » 

^■ope-beadnjpepudeisselecied.oprovi^ ami "° "** SKIl,ence of »* 

«. prefer, , voiaed) - *■* hydrophobic 

» P-tohrlyp™^ Sa " K " CeS proline residues are 
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comprising amino acid ^ from *• a polypeptide 

from aoou, T y ,58 to about ^ J^J£? SE ^ «> "0:2, 

Val-176 in SEQ ID NO:2. fam ^ hJ* *" *» » «■» 

*- -» H=-201 to about Thr-209 in E^N^ k ' * ^ » ^ 
Tyr-224 in SEQ ID N0:2, from °' 2 ' Uom abou < •<- about 

Ser-280 i„ SEQ ID Na2 , f rom about *« *« C ^ .0 about 

Cys-316 in SEQ ID N0:2. from afc,., v «„ ^ 7" ^ ^ * abom 

OW73 .„ SEQ ID N0:2, fa. ^ C ^«> * *m 

"Kl ta, about Ser-388 „, ^ $a Zr*™"" 6 ™ SEQ 10 N0 * 
fragment have been determined t0 ^ SEQ m N0:2 ' ^ polypepBfc 

analysis of the Jameson- Wolf an^genic^iHiex ^ * ^ » 
"nie epitope-bearing peptides and polypeptides of *k • 
produced by any conventional means for ™V " 1Ven ' ion te 

«-*«.«.» „s bg ^ ^ 7* « PW. Ending 

Sh0n ^"bearing an™ ac id ~ "J* "» — *r insta.ee, a 
a«s as a earner during recotnoj p ^ * ■ that 

» I— ^-peptide Ltfa e C ^ " ~ " 
besynthesiadusingknownmethodsofrt • , P Ope " beann 8 W""" also may 
"asdescnbedasimpLme ^ ~ H °*» 

20 »l of 248 different ,3 residue J^T * ° f -* - 10- 

<m binding audies) m ^ ^ ^ (by EUSA- 

"^^ntpidsond-phases^^^^ ( " 85) ^ 

"feMnftodytaer^^^ specificity of 

oci. USA 82:5131-5135 T'S^ ^ ^ ^ F ™ ** W 

In this procedure the individual resins for «hJ , , u g (,986) - 
Peptides are contained in separate solvents m P SymheSiS of various 
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manual procedure allows 500-1000 or more syntheses to be conducted 
simultaneously. Houghten et ai, supra, at 5134. 

Epitope-bearing peptides and polypeptides of the invention are used to induce 
antibodies according to methods well known in the art. See, for instance. Sutcliffe et 
ai, supra; Wilson et at., supra; Chow, M. et ai, Proc. Natl. Acad. Sci. USA 52910- 
914; and Bittle, F,J. etal., J. Gen. Virol. 66:2347-2354 (1985). Generally, animals 
may be immunized with free peptide; however, anti-peptide antibody titer may be 
boosted by coupling of the peptide to a macromolecular carrier, such as keyhole limpet 
hemacyanin(KLH) or tetanus toxoid. Forinstance. peptides containing cysteine may 
be coupled to carrier using a linker such as m-maleimidobenzoyl-N- 
hydroxysuccinimide ester (MBS), while other peptides may be coup.ed to carrier 
using a more general linking agent such as glutaraldehyde. Animals such as rabbits 
rats and mice are immunized with either free or carrier-coupled peptides, for instance' 
by intraperitoneal and/or intradermal injection of emulsions containing about 100 mg 
peptide or carrier protein and Freund's adjuvant. Several booster injections may be 
needed, for instance, at intervals of about two weeks, to provide a useful ti ter of anti- 
peptide antibody which can be detected, for example, by ELISA assay using frce 
peptide adsorbed to a solid surface. The titer of anti-peptide antibodies in serum from 
an immunized animal may be increased by selection of anti-peptide antibodies, for 
mstance, by adsorption to the peptide on a solid support and elution of the selected 
antibodies according to methods well known in the art. 

Immunogenic epitope-bearing peptides of the invention, i.e.. those parts of a 
protein that elicit an antibody response when the whole protein is the immunogen, are 
identified according to methods known in the art. For instance, Geysen et ai, supra 
discloses a procedure for rapid concurrent synthesis on solid supports of hundreds of 
peptides of sufficient purity to react in an enzyme-linked immunosorbent assay 
Interaction of synthesized peptides with antibodies is then easily detected without 
removing them from the support. In this manner a peptide bearing an immunogenic 
epitope ofadesired protein may be identified routinely by one of ordinary skill in the 
art For instance, the immunologically important epitope in the coat protein of foot- 
and-mouth disease virus was located by Geysen et al. with a resolution of seven 
ammo acids by synthesis of an overlapping set of all 208 possible hexapeptides 
covering the entire 213 amino acid sequence of the protein. Then, a complete 
replacement set of peptides in which all 20 amino acids were substituted in turn at 
every position within the epitope were synthesized, and the particular amino acids 
conferring specificity for the reaction with antibody were determined. Thus, peptide 



WO 99/46364 

PCT/US99/05021 

-16- 



of iaentifvin* 1h ' ySe " <I987) *** *«*« «"*«• 

71 T 8 """"""^ =Pi'"Pe of a desired protein 

Funher still. U.S. Patent No 5 laaioi ,„ ,- 

method of detecting or determining . J 7 ^ U989) deSCribes a 

. — .ofaa g i^r;^: f ~ t * a B ~ 

-eptor of interest. SimUarly. U.S Pate^„ 5 to^ T* "" * PaniC "' ar 
<»*> on Per^ted ^ 2 " * " 

^Ma^doUgopeptidesands!^,. b^L h «X „ "'"^ 
for using sueh oligopeptide sets ^ notaries L^Z^ ! " me "' 0dS 

— ro^ine,; by thj^ ^ ^ * *< — * 

polvDentide.: tw. f ■ ^"ogioDuiins (IgG), resulting in chimeric 

ij^^z^z vy~r? - *» - 

firs, two domainsof .1* human™ ,' Chmcnc listing of .he 

IWta,-. t.iL.Sl^^- —«***. (EPA 3,4, 827; 
In accordance with the present invention, novel variants of vprc, , 

otVEGF-2. Natural mutations are called allelic variations All.iv •■ 

*■ (no change in the encoded polypepUde) 7Z\ " te 

sequence. P™yr*pu<Ie) or may have altered amino acid 

Protein " * *• *«***. of nauve VEGF-2 

conditions. Set form he, ow „, »,„,„.?" ^ Pl " ,f ' CaUOn "* SK>ra « e 

*" """"P'k of mutauons that can be constructed. 
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Amino terminal and carboxy terminal deletions 

Furthermore. VEOF-2 appears ,„ be proteolytically cleaved upon expression 
resulting .n polypeptide fragments of the following sizes when run on a SDS-PAGE 

30 TZT-JT***' <SM ' «* *" — "* 80 ' »• «• «■ «. 40. 

39. 38. 37. 36, 31, 29, 2 1, and 15 kDa. These polypeptide fragments are the result 
of proteolytic cleavage at hoth the N-Krmina. and C-^naj portion, of fc pr0Iei „ 

saxmcd appeaK 10 haw - 21 

In addition, protein engineering may be employed in order to improve or alter 

oneorrrK.recharacttrisUcsofnanve VECF-2. The deletion of carboxyterminal amino 
«h can enhance the activity „, pralems . o„ c eXMple „ 

up ,„ „ umes higher activity by deleting , en amino acid residue, from the 
ctuboxy termmus of the protein (Dobeli „ y in**** 7:199-216 (1988,) 
Thus, one aspect of the invention is to provide polypeptide analogs of VECF-2 and 
nudeoode sequences encoding such analogs tha, exhibit enhanced subiliry (e g 
when exposed ,o typical pH, thermal conditio or otirer storage conditions) I„ve ,o' 
the native VEGF-2 polypeptide. 

Partcularly preferred VEGF-2 polypeptides are shown below (numbering 
tarts w„h the first amino acid in the protein (Me.) (Hgure 1 (SEQ ID N018JV Ala 
-due 24, ,o Ser (residue 419); Fro (25) „ &r (4I9); ^ \ £ 
(27) to er(419>; Ala (28, ,„ Ser (4,9); Ala (29, , 0 Ser(419); ^ „ 

<«» £ ™ T G,u (32) '° Ser (419); &r <33) to Sct (419 * * <*> » * 

(419). Uu (35) W Ser (419); Asp (36) to Ser (419); Ler, (37) to (Ser (419,- Ser (38) 
(42) to Ser (419); Asp (43, to Ser (419); Ala (44) to Ser (4,9); Gly (45, to Ser (4,9>- 

(419) T ™T ( ? ); * W) 10 S " (4,9,: ^ (48> 10 S " < 41 ^ " «» » * 

Zl^ 1 r'' );Ser(52,,OSer(419,; ASP(54 > » S - Va, (62, to 

Q 23 ' A 1 ' 9 ' : MC,0, • <23> ' " <24 > » *« <«'«* *• CD. 
Glu 3, or Ala (24) to Gin (417); Me, („, Glu (23). or Ah ,24) to Pro (4 6 ' 

ZZ^i ° r (24) 10 <4,5,; Me,(i) ' 0I " ™ « *° <*> - O » 

Tyr (412); Me,(„, Glu (23), or Ala (24, to Ser (411); Me«(l), Glu (23) or Ala (24) 

aZTlZ m * (23) ' - m2t) 10 ™ (m > * <»• 

(24) „ Cys (Amy. Mc W , Olu (23), or Ala (24) to Arg (407); Me,(». Glu (23) or 
Ala (24) to Cys (406); Me. ( 1), Oh. (23), o, Ata (24) to Va, (405,- Me 1 , G u f 23 
or *a (24, to Glu (404,; Me,,,, Glu (23, or Al. (24, to Glu (4M); Me^( 1 ), (3]u 
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GIu (23), or Ala (24) to Pro (367V M, n t c ( } 10 A> P< 31 Mct 0). 

LysGU); ASCIIS) «> Ly s( 214VTh^ 1 ' ,t0 LyS(2 "* ); 
Lau(2I5); Ol u ( 10 4, ,„ Ua(2I3) . G t„ n ' n *" 6 ' '° L « 2I4 > TW03) to 

"=(107) ,oUu (213); Z a Cl 5X ^ » 

AlatU.) ,„ Uu(215,- aW,' , o ' " U ° (2 ' 5); A,a(ll0 > » 

Ser(228); 0]u(I(M) ,„ S er(228V cw.rL ' ° Uu(215): to 

«*«*>.. c u S':c,;s );, ? io()tt ™ 

Ser(228); Aladll, to Serf2 2 8) - AWmT > 10 r ^ 2 ^' AJa(l 10) to 

" Uu(229 ); Glu(.04) ,„ Uu(229V J» ' ^ * " Th « 1( »> •» 

o.»(.o 5 ).o^ ( 227,^z^s;; e x ); A Glu(,04) ,o ^ 

Arg(227);Phe(109) to Are (227)- Al j, ,m ' (22 ' ); LyS(l08 > 10 

Arg (227): Thr(116) to Arg (227)' mm, * * ^ AS " (I,5) '° 

' O, u(10 5) to Ser(21 3 ): ^ o . L S ,3,: G,U(KM) '° SC,<2,3,; 

Ser<213):Thr(„6),o &X2131- Thf^, , ' Sn<2,3,: As " (,,5 > "> 

,„ ^ ^ ZT; rr ,o l * 2,4>; 

Lys(214); Pbedos, to . A|a 2 "»' ^ '<> 4*214): Ly S (I08) ,o 

1*10.) ,„ ujfc ^ S; L L C °' U( ' 05) » ^ 

Leu(229). * % Asn(115 > 10 L=»(229); Thr(116) to 

or Ala (24) - M «(263); M«(l) Glu^ .? 1 " ^"^ ^ 01u <«>• 
(SEQIDNOrlg)). ' Met(I) ~ s «<m of (F igurc , 
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Also tncluded by the ptesen, invention are deletion mulants ^ 

^ from O-" *■ NB «*. and 4. Census. Such « taclude £ 
con^ons „f the N , enniMl ^ ramanB Md c 

descnbed above Tta. c^binations «« „ ^ ^ 

5 known to those skilled in the art. Piques 

by fa gene*, fonnuU tn-396. where » is an integer frotn -23 to 388. where m 
»W .o the position of ft. ^ ^ residue i<tendfted 
Preferably. N-.erm.nal deleUons retain the ^ £ Z , 

,0 (PXCVXXXRCXOCCNXSEQ n> NO: 8, and ^IdeTlp IT fc 

a^o acd seouene. „, residues: N-terrrina, ^ of J £ 
.nvenuon shown as SEQ H) NO:l inchtde polypeptides c 0m pris ng fa amino 
sequence of resrdues: : E-l toS-396; A-2 ,o S-396; P-3 ,o S-396- to S Z Ts 
.0 S-396; A-6 ,o S-396; A-7 to S-396; A-8 ,o S-396; M „ 5.306- T'*t™l 

396, D-17 to S-396; A-18 to S-396; E-19 to S-396; P-20 to S-396- D-21 to S 396- A 

396. Y-28.o S-396; A-29 t „ S-396; S-30 to S-396;K-31 10 S-396; D-32 lo S-396- L 
33 ■„ S-396; E-34 ,„ S-396; E-35 to S-396; Q-36 to S-396; L-37 to S-396 R 3^0 S 

396, L-50 to S-396; Y-51 .0 S-396; P-52 <o S-396; E-53 to S-396; Y-54 ,„ S .3 96 . w 

• r V '° 3 ' 6; ^ W S " 396; K<i4 * S-396; G-65 to S-396- 

• G-66 „ S-396; W-67 to S-396; 0,68 , 0 S-396; H-69 to S-396; N-70 ,0 S 396 R Tl' 
.0 S-396; E-72 „ S-396; Q-73 ,„ S-396; A-74 «, S-396; *.» * S-396 L 76 » * 

82 ,0 S-396; T-83 to S-396; 1-84 ,0 S-396; K-85 to S-396; F-86 .0 S 396 A 87^o t 
^A-88,„S-396;A-89,oS-3O6;H.90,oS.3O6;Y.„ „ S ^ ' 

396, 1-99 to S-396; D-100 to S-396; N-101 ,„ S-396; B-102 to S-396- W-103 lo S 
396; R. 10 4.o S-396; K- 1 05.o S-396; T-106 «, S-396; Q-107 ,0 S-396 - C 2 1 1' 

396; C-l .4 to S-396; 1-1 ,5 ,„ S-396; D-l ,6 to S-396; V-l ,7 ,0 S-396- 0- 8 » S 
m K-l 1, ,0 S-396; E-,20 ,0 S-3,6; rM2. to S-3,6; 0-122 ,0 S- £; V* L s 
396; A-,24 to S-396; T-,25 to S-396; N-,26 ,0 S-396; T-127 ,0 S-396 F 'm I S- 
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396; F-129 to S-396; K-130 to S-396; P-131 to S-396; P-132 to S-396; C-133 to S- 
396; V-134 to S-396; S-135 to S-396; V-136 to S-396; Y-137 to S-396; R-138 to S- 
396; C-139 to S-396; G-140 to S-396; G-141 to S-396; C-142 to S-396; C-143 to S- 
396; N-144 to S-396; S-145 to S-396; E-146 to S-396; G-147 to S-396; L-148 to S- 
396; Q-149 to S-396; C-150 to S-396; M-151 to S-396; N-152 to S-396; T-153 to S- 
396; S-154 to S-396; T-155 to S-396; S-156 to S-396; Y-157 to S-396; L-158 to S- 
396; S-159 to S-396; K-160 to S-396; T-161 to S-396; L-162 to S-396; F-163 to S- 
396; E-164 to S-396; 1-165 to S-396; T-166 to S-396; V-167 to S-396; P-168 to S- 
396; L-169 to S-396; S-170to S-396; Q-171 to S-396; G-172 to S-396'! P-173 to S- 
396; K-174 to S-396; P-175 to S-396; V-176 to S-396; T-177 to S-396; 1-178 to S- 
396; S-179 to S-396; F-180to S-396; A-181 to S-396; N-182 to S-396; H-183 to S- 
396; T-184 to S-396; S-185 to S-396; C-186 to S-396; R-187 to S-396; C-188 to S- 
396; M-189 to S-396; S-190 to S-396; K-191 to S-396; L-192 to S-396! D-193 to S- 
396; V-194 to S-396; Y-195 to S-396; R-196 to S-396; Q-197 to S-396; V-198 to S- 
396; H-199 to S-396; S-200 to S-396; 1-201 to S-396; 1-202 to S-396; R-203 to S- 
396; R-204 to S-396; S-205 to S-396; L-206 to S-396; P-207 to S-396; A-208 to S- 
396; T-209 to S-396; L-210 to S-396; P-21 1 to S-396; Q-212 to S-396; C-213 to S- 
396; Q-214 to S-396; A-215 to S-396; A-216 to S-396; N-217 to S-396; K-218 to S- 
396; T-219 to S-396; C-220 to S-396; P-221 to S-396; T-222 to S-396; N-223 to S- 
396; Y-224 to S-396; M-225 to S-396; W-226 to S-396; N-227 to S-396; N-228 to S- 
396; H-229 to S-396; 1-230 to S-396; C-231 to S-396; R-232 to S-396; C-233 to S- 
396; L-234 to S-396; A-235 to S-396; Q-236 to S-396; E-237 to S-396; D-238 to S- 
396; F-239 to S-396; M-240 to S-396; F-241 to S-396; S-242 to S-396; S-243 to S- 
396; D-244 to S-396; A-245 to S-396; G-246 to S-396; D-247 to S-396; D-248 to S- 
396; S-249 to S-396; T-250 to S-396; D-251 to S-396; G-252 to S-396; F-253 to S- 
396; H-254 to S-396; D-255 to S-396; 1-256 to S-396; C-257 to S-396; G-258 to S- 
396; P-259 to S-396; N-260 to S-396; K-261 to S-396; E-262 to S-396; L-263 to S- 
396; D-264 to S-396; E-265 to S-396; E-266 to S-396; T-267 to S-396; C-268 to S- 
396; Q-269 to S-396; C-270 to S-396; V-271 to S-396; C-272 to S-396; R-273 to S- 
396; A-274 to S-396; G-275 to S-396; L-276 to S-396; R-277 to S-396; P-278 to S- 
396; A-279 to S-396; S-280 to S-396; C-281 to S-396; G-282 to S-396; P-283 to S- 
396; H-284 to S-396; K-285 to S-396; E-286 to S-396; L-287 to S-396; D-288 to S- 
396; R-289 to S-396; N-290 to S-396; S-291 to S-396; C-292 to S-396; Q-293 to S- 
396; C-294 to S-396; V-295 to S-396; C-296 to S-396; K-297 to S-396; N-298 to S- 
396; K-299 to S-396; L-300 to S-396; F-301 to S-396; P-302 to S-396; S-303 to S- 
396; Q-304 to S-396; C-305 to S-396; G-306 to S-396; A-307 to S-396; N-308 to S- 



WO 99/46364 



-21- 



PCT/US99/05021 



30 



35 



396; R.309 to S-396; E-310 to S-396; F-311 to S-396; D-312 to S-396- E 313 ro , 

■ §mi if ii 

396; C-339 to S-396- T-340 to S 396- P , „ , ; 338 t0 S " 

396SM59 toS-396. £ ^^"ff* ™ " ° 358 » S " 
396; P-364 to S 396 C L, !11 I * ^ *™ '° S - 396: >«« <° S- 

a^o-aS: £ « s ™ :r,r; ™ ■ s - 3%; r - 3m - s - 

396; P-374 to S-396- G-375 ,„ s 396 r ™ f M96: E " 373 10 S " 

preferred e m bodi m e„ t co m p risesam i»„ acidsS . 205 . s . m J^J£*. T 
prefe.red^po,^^^^^.^ of SEQ ID NO.2. AUo 

» Moreover, C-terminal deletions of the VEGF? „i 

SET c " - — * id — ^ ™ 

Preferably, C-terminal deletions retain the conserve k a 

(PXCVXXXRCXGCCNKSEQIDNO 8) J 7 *"* ° f ^ 3 

» ^-cidseouenceof^ 

S-379- E-l to Y 378- fi, ™Z E " 381 1 B " 1 10 £ - 380: ^ to 
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to C-337; E-l ,o A-336; E-l ,o C-335; E-l to K-334; E-l ,o G-333- E-l ,o P 332- E , 

Zwuc~? " P - 329; E -' '° Q - 328; E - ,oN " M ^ - * " 

toP-325,E-i toC-324;E-l toT-323 ; E-l .oR-322; E-l ,oK-321- E-l to C 320 E , 
to V-319; E-> ,o C-3.8; E-, ,o Q-3.7; E-l ,003,6; E-, ,o T-31*E » " 4 E l 
:°!"i^- 1,OD - 3,2;E - |MM '^-'^-3 1 0;E, t o R .3^E. 

.o F-301; E-l ,„ L-300; E-, «> K-299; E-l ,o N-298; E-! „ K-29T E- ,o c ~ 11 
to V-2,5; E-l ,o C-2,4; E-, „ Q-293; E-, ,„ C-292; E-, ,„ S-291 E-I " 2^ E 
.0 R-289; E-, ,„ D-288; E-, ,„ L-287; E ., to ^ ' = ° » * 

to P-283; E-, ,o C-282 ; E-, ,„ C-2 81 ; E-, ,o S-280; E-l „ A-279- E, „ " E 
to R- 7; 5-1 ,o L . 276; E-l ,00.275;*. ,o A-274; E-, ,o R-273- 1. to C 2 7 •' E 
to V-271; E-l ,o C270; E-, ,o Q-269; E-! ,„ C-268; ,„ T . 267 1 ° E " 

•OP 259, E-I ,o G-258; E-l <o C-257; E-l ,o 1-256; E-l to D-255- E-l B B» t , 
toF-^E-, ,0 0-252; E-, ,oD-25,;E., ,oT-250;E-l » S- £ E-l " D248* e"i 

•°^E- ll „G.246;E-l to A.245;E-„„ I ,244 : E. 1 ,„ S . 2 43.E- 
.0F-24 I;E -, t „M-240;E-l ,oF-239;E-, ,oD-238;E-, .oE-237 |. e" 
to A-235; E-, ,„ L-234; E-l ,o C-233; E-, ,„ R-232; E-l ,o C-231 E 1 J££ t, 
.0*229; E-, ,o N -228;E-, ,o N -227;E-, ,oW-226;E., ,o M-225- E- 1 to Y 224 E 
» N-223; E-l B T-222; E-l „ P-22,; E-. ,o C-220; B-, ,o T-2 9- E- o K 8-' E 

b 1 to F-163, E-l to L-162; E-l to T-161 ; E-l to K-160; E-l to S-159- E , mI1 „ 

kbsskssbmssks 
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E-l <0H.m-.B-l toC-,08;E.l ,0 0- 0 E hot n » , " " ^ '° P -"° 

' ' .0 K-97; E-l . L . %; E-l 10 ,., 5; E ., roE-94'E-l toT 93 F ^ " E 
91;E-1 .0 H-90; E-l to A-89- E-l to A-88 En \ t, c '° E "' '° Y ' 

» 1-84; E-l to T-83- E-l to E fi3 F it I \ * E "' *° Mft E "' W K " 8 ^ E-l 

R-71; E-l ,„N-70; E-l to H-69- E 1 11 « *7 '° ^ *° E " 72 ' E "' » 
• E-, toK^E-, ■ R«E-1 2 e^Io" ,'7," 67;E - 1 ,00 - 66;E -' 

Y-58;E-, .OM-57.E-, toK-5^ ^^ : 0 E v & ' '° "* " 10 

E-l to Y-51; E-l to L-50; E-l to V-49 E , llrl l , " E "' » ^ 

E^E-Uo^E-lto E^si I? E -' ,OM " 47;E - 1 »"*B-« » 

E-ltoA-25;E.I,oE-24E l.or« r, ;E "' 10 A-27; E-l toT-26; 

e-, ; b., ,o A.,:": ? ,o p - 2o; ei '° 

E-l .00-12. E-l t„s, ,; E-, to E-,0;E., A ' E l ^ w " ^ 

392; F-9 ,„ Q-39.; F-9 „ w . 390 . F ./„ Y ' 8 o 'i , " M93; M ' 0 ^" 

E-380; F-0 ,„ S -379- F-9 „ v 378 p „ . 1 ' *° V_382; M 10 E-381; F-9 to 
P-374; F-9 to E-373-' F-^CWpt 1^ " M » M » 

R-368; F-9 to N-3o, " to T 3 «'- F 9 " r ' < " " ^ R > » " *> 
R-362; F-9 to Y-361 F-9 "c » f"o "* '° M64; M 10 "« " '» 
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P-332; F-9 to N-331; F-9 to L-330; F-9 to P-329- F 0 , n n ioo rn 

R-326; F-„or-325; F-9 to C-324; F-9 to T-323- 1 r" f ' ^ " M » 

C-320; F-9 ,o V-3.9; F-9 to C3 I8; F-9 ,„ JurZlVm- F Q " ^ " " 

P-302; F-9 ,o WO, ; F-9 ,„ WOO; F-9 to K-299; F-9 to N 29* F 9 "r"™ ^ " 
N-290; F-9 to R-289; F-9 to D-288; F-9 ,„ L 87 F 9 o E Mfi p'o " " ' ** * 

N-260; F-9 ,„ P-259. F-9 Jo a p ^ *** M " K " 261; M •» 
D-248; F-9 D D-247; F-9 to 0-246; F-9 to A-245 F 9 n I Z ' "* * 

§§§=§== 
=§§§§il§= ■ 
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D-l 1 6; F-9 to 1-115; F-9 to C-l 14; F-9 to V-l 13; F-9 to E-l 12; F-9 to R- 1 1 1 F-9 to 
P-l 10; F-9 to M-109; F-9 to C-108; F-9 to Q-107; F-9 to T-106; F-9 to K-1Q5- F-9 to 
R-104; F-9 to W-103; F-9 to E-102; F-9 to N-10. ; F-9 to D-100; F-9 to 1-99- F-9 to 
S-98; F-9 to K-97; F-9 to L-96; F-9 to 1-95; F-9 to E-94; F-9 to T-93; F-9 to N-92- F- 
= 9 to Y-91; F-9 to H-90; F-9 to A-89; F-9 to A-88; F-9 to A-87; F-9 to F-86; F-9 to K- 
85; F-9 to 1-84; F-9 to T-83; F-9 to E-82; F-9 to E-81; F-9 to T-80; F-9 to R-79- F-9 
to S-78; F-9 to N-77; F-9 to L-76; F-9 to N-75; F-9 to A-74; F-9 to Q-73- F-9 io E- 
72; F-9 to R-71; F-9 to N-70; F-9 to H-69; F-9 to Q-68; F-9 to W-67; F-9 to G-66- F- 

59; F-9 to Y-58; F-9 to M-57; F-9 to K-56; F-9 to W-55; F-9 to Y-54; F-9 to E-53- F- 
4?fT E ^ 

46 F-9 to E-45; F-9 to D-44; F-9 to V-43; F-9 to S-42; F-9 to S-41; F-9 to V-40 F-9 
toS-39^toR-38;F-9toL-37;F-9to Q -36 ; F-9toE-35;F-9toE-^ 

T-26, F-9 to A-25; F-9 to E-24; F-9 to G-23; F-9 to A-22; F-9 to D-21; F-9 to P-20- 
F-9 to E-19; F-9 to A-18; F-9 to D-17; F-9 to S-16; F-9 to L-15; of SEQ ID NO-2* 
Sp^fically preferred is the polypeptide fragment comprising amino acid residues F-9 
to R-203 of SEQ ID NO:2, as well as polynucleotides encoding this polypeptide. 
Thus F-9 to R-203 of SEQ ID NO:2 polypeptide preferably is associated with a S 205 
to S-396 of SEQ ID NO:2 polypeptide. Association may be through disulfide 
covalcnt or noncovalent interactions, by linkage via a linker (e.g. serine, glycine, 
proline linkages), or by an antibody. 

Many polynucleotide sequences, such as EST sequences, are publicly 
available aad accessible through sequence databases. Some of these sequences are 
related to SEQ ID NO:, and may have been publicly available prior to conception of 
the present invention. Preferably, such related polynucleotides are specifically 
excluded from the scope of the present invention. To lis, every related sequence 
would be cumbersome. Accordingly, preferably excluded from the present invention 
are one or more polynucleotides comprising a nucleotide sequence described by the 
general formula ofa-b, where a is any integer between 1 to 1660 of SEQ ID NO- 1 b 
is an integer of 15 to 1674 where hoth * ^ u 

n.,,i <md b corTes P° n d to the positions of 

nucleotide residues shown in SEO ID Nfv l „.k- ^ v • 

to a + OEy jmo. l , and where the b is greater than or equal 

Thus, in one aspect, N-terrninal deletion mutants are provided by the present 
invention Such mutants include those comprising the amino acid sequence shown in 
Bgure 1 (SEQ ID NO:18) except for a deletion of at least the first 24 N-terminal 
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te firs i N«tal amino acid residues of Figure . (SEQ ID NO:,8, 

In another aspect, C-lerminal deleta, .nutans are provided by the present 

i „ a H »i »■ * • C-terminal amino acid residues 

£ ■ **» of amino acid residues Va, (,99, - Ser (4 19 » of Figure 1 ,SEQ ID 

SEQ ID NO.,8). Alternately, the deletion „i„ ^ « ta ^ ^ 

ammo acid residue but not more than the last 204 c imni».i . •.. . nal 
KaiitllSEnmun,., ,. """"^'•iWC-terminal amino acid residues of 
figure (SEQ ID NO:18). Alternately, Ok deletion will tod*, a, leas, the last C- 
*™>al ammo acid residues bu, no, more than fc las , 192 c ^ 

*e last C-,ermmal amino acid residues bu, not more to me laa 

amino acrf residues o, Figure , (SEQ m N0: , 8 , Alternatively, ^ J£Z 

C-temuna, am,„„ acid residues of Figure ! (SEQ ID NO:l 8) . Alternatively the 
ine las, 52 C-lermmal amino acd residues of Figure I (SEQ ID N018, 

ma having^ acids deleted from b«h me N^rminal and C-termtoa. J£ 
mounts mclude a,, combtoations „f to ^ ^ 

ferminal deletion mutants described above. 

The arm "gene" means the segment of DNA involved in producins a 
polypeptide chain; t includes regions precede „d following te ^ ^on 
(le* and trailer, as we,, as intervening se,ue„ces (introns, between M*du* 
coding segments (exons). inoiviaual 

The present invention is further directed to fragment of the isolated nucleic 
acid mo ecules describe, herein. By a fragment of an isolated nuclei^m^ 
aving the nuefcodde sequence of me deposited cDNA(s, or the „uc,eo* 

and more preferably a, leas, abou, 20 »,, stU, more preferably a, ,eas, about 30 n, £ 
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'250.. 1275. 1300, 1325 l33 o m< ,L ' " 5 °' U75 ' 12 °°. 1225. 

'575. .600. .625 165 o; «74 „ 1 k ' ^ ' 500 ' 152 * '"0. 

include 20 „ rmore .J^* * ^ena which 

Moreover, represemative examples of VFf-P , , 
include, fo, example. ^ ^ sea JfZ ^"l""* fra *™"* 
15 50, 51-100, 101-150 151 2m ™, » ™" nu *«i* number 1- 

45.-500, 50.-550, 55, ^"^j ^ 40M50. 
*0.or951 .omeendof SEQirW ! ^ 8 °°- 850 ' *»- 

several (5, 4, 3, 2, or 1) nucleotides a , riA ^ ,arger ° r smaller * 

25 example, 50 or more bases The nmhL , ""' n " y conBta - fOT 

corresponding to a fiffl Z'h * 7 *° * » « ««» Cone 

cc-P'e* gene J^Z^^^"^ * «* * 
«-* of a sereen eol^ ^ FT rc8i0nS ' " - " » 

30 oligonucleotides having a seouer^ , 0l ' 8 ° nucle< '* i = fobc. Labeled 
^ are used ,„ S^STST " * ~ * * »— 

.hepTj^rr DNA or ^ ,o 

» ID NO:, orforins^ rhecD^l^ d '" 0nS ' '° K,UenCeS ""^ * SE Q 

mine™* Stnngem hybridization conditions" refers ,„ an 
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overnight incubation at 42° C in a cnimio. „ 

^^^, l0% ^s^^: m phospha,e (pH 7 - 6) - * 

-•w-w-dtato jsisr" co ° di,iMs - chansB ta ^ 

*« ^ipulauon of formal cX^To " aa0mP,iShed 

in lowered s W „ eency); co ^ °" o h ™*™^o l{m ^ Ksalt 

10 stringency conditions include an ovemij^ * mfm,m - ** "ample, lower 

SDS. 30% f ormamid e, l00 , ' ** N " H ^°« 0-<»M EDTA. pH 7.4), 0.5% 
« « with 1XSSPE. 0,^ 7^™ ^ DNA; M — * «- 

ground in hybridization experimMts **»« used ,„ suppress 

Denhardfs reagent, BLOTTO herein h 8 reasCT,s include 

»»y "1™ mod&ato of the hybrid^ SPeCMC W0Cki " 8 

** .o problems .to, compatibility hybn * aUM "tobod above, 

compJementaiystretchofTrormiesidu^ T " ^ SCqUenCe " Sting) ' or t0 a 
"Polynucleotide," since nl ^^^ 1 ^^ **** of 
molecule contain. _,. ; ;r ,/ UWCOUae WOuld ^dize ,o 

any nucJeic acid 

By a polynucleotide which h ybridizes to a 'w - „ 
a polynudeotide (either DMA or L M nTT ' " 

about 30 m, a*l even mo „ ' ™™' 20 «• "» more preferably at lea,, 

T- a* usefc, . ^ P I td ^"L T ^ PO '~=- 
detail below. pnmers dls "K«*I above and in more 

B y a Portion of , polynucleotide of "at least »>„,- , . 
■".ended 20 or more conUguous nucleotides fam 1 '"^ ** ^ * 

>«*s from the nucleotide sequence of the 
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referarce polynucleotide (,.*., the depo^d cDNA or the nucleotide sequence as 
^own ,„ SEQ m NO: , , Of course. . po.ynuCeo.ide which hybridizes only'o a 

. f^H , 3), or to a complementary stretch of T ,„r U, restdes. w„„!d no, be 

^. of fe.nvenuon.s.ncesuchapolynuCeotide would hybridize to any nucte ic acid 
mo, „,e contatmng a po,y (A) ^ or ^ ^ ^ ' ^ 

double-stranded cDNA clone). ~uuuiy any 

06* « oT" W " C, " i<> ° " 10 ni,C,eic •« ■**■ ■ '«« W% 

NO*', o? 3 'o 1" ? 10 n " deiC KM *™ - SE0 - ^ 

NOS J or 3 or to be nucletc acid sequence of the deposited cDNA(s), irrespective of 

whether they encode a polypeptide having VEOF-2 activity. Tte „ 37,1 
2 activ,* one of skill in the art would stU, know howT I to Z7Z 

'^^^-'^of^^inv^tionthatdonoten^ 

1*ZZ ST"' ^ N ™ Y °* <" S8 > - N-ta. Bio, analysis 

for detecting VEOF-2 mRNA expression ta specific tissues 

95% JT™ 'o!^ eVe^ • "* ""^ ^ ■" tal " ^ « k- 

No!'- or 3 1.' " % He ° UCal 10 ' *~» « SE Q » 

btoiogtcal assay. For example. VEOF-2 protein activi* can be meaLd Z foT 
exampte. ^ Md k „ «■ 

« ° l -f">c.N«<l. Acad. Sci. USA 93-2516-2SKI nux,, /< , 
•5:290-298(1996). W - 2576 (1996) and Joukov «<,/., £M 0J . 

Of course, due to ute degeneracy of the gemlic code , 01K of m , 
* « wtll .mmedia*,, recognize tha, a Urge number of the nucleic acidic 

' M 10 N ° :3 WU «* » PO'Wide "having VEOF-2 protein 
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activity." In fact, since degenerate variants of these nucleotide sequences all encode 
the same polypeptide, this will be clear to the skilled artisan even without performing 
the above described comparison assay. It will be further recognized in the art that for 
such nucleic acid molecules that are not degenerate variants, a reasonable number will 
also encode a polypeptide having VEGF-2 protein activity. This is because the skilled 
amsan * fully aware of amino acid substitutions that are either less Lkely or not likely 
to Mgnificantly effect protein function (,,., replacing one aliphatic amino acid with a 
second aliphatic amino acid). 

For example, guidance concerning how to make phenotypically silent amino 
acid substations is provided in Bowie. J. U. et al, "Deciphering the Message in 
Protein Sequences: Tolerance to Amino Acid Substitutions," Science 247: 1306- 13 10 
(1990) wherein the authors indicate that proteins a* surprisingly tolerant of amino 
acid substitutions. 

Thus, the present invention is directed to polynucleotides having at least a 70% 
identity, preferably at least 90% and more preferably at least a 95%, 96%, 97%, or 
98% uientity to a polynucleotide which encodes the polypeptides ofSEQ ID NOS-2 or 
4 as well as fragments thereof, which fragments have at least 30 bases and preferably 
at least 50 bases and to polypeptides encoded by such polynucleotides 

"Identity" per se has an art-recogni 2 ed meaning and can be calculated using 
pubhshed techniques. (See, e.g.: (COMPUTATIONAL MOLECULAR BIOLOGY 

T^np A J!; T ?c' ^ UniV6rSity PreSS ' NCW Y ° rk ' < 1988 * BIOCOMPUTING:' 
INFOR^T CS AND GENOME PROJECTS, Smith. D.W.. ed., Academic Press, 
New York, (1993); COMPUTER ANALYSIS OF SEQUENCE DATA, PART I 
Griffin, A.M., and Griffin, H.G., eds., Humana Press, New Jersey (1994V 
SEQUENCE ANALYSIS IN MOLECULAR BIOLOGY, von Heinje, 
Press, (1987); and SEQUENCE ANALYSIS PRIMER, Gribskov, M and 
Devereux, J., eds., M Stockton Press, New York, (1991).) While there exists a 
number of methods to measure identity between two polynucleotide or polypeptide 
sequences, the term "identity" is we,, known to skilled artisan, (Carillo, S L, and 
Lipton, D., SHU J. Applied Math . 4*1073 (1988).) Methods commonly employed 
todeternune identity or similarity between two sequences include, but are no, limited 
to.mosed.sclosedin-GuidetoHugeComputers.-MartinJ. Bishop, ed., Academic 

^i^T^^ H - md Lipton - D - SIAM J Applied Math - 

48. 1073 (1988). Methods for aligning polynucleotides or polypeptides are codified in 
computer program, including the GCG program package (Devereux, J., et al 
Nuclei Ac* Research J2(1,3S1 (1984)), BLASTP. BLASTN, FASTA (Atschul' 
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rL v ^ ( '" 0) ' Bcstf " propam <*■«-* *<« e 

identical to a reference nucleotide seauenr* «f »h» 0 
each |«) „„cleodd« of ^ JL« ' ' P °' M »" 

/hard. 0-237-24S noonv> t «iuuag a/. {Lomp. App. 

r« Th , M, " e ° CeS - »¥*»« an be compared by convening ITs ,„ 

is shorter. 6 "* ^ nUCle0tide •"*»»«. wW*=ver 

de.eU J!«t jeCI T" U ^ *■ "» W sequence because of 5' or 3 ■ 

cnas, relative to the query sequence, the percent 
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identity is connected by calculating the number of bases of the 

5' and 3 1 of the subject seouen^ k q " ery Se ^ uence are 

«- bases of the " 3 ^ * te 

the specfied parameters, to arrive at a final JL 7 ^ 
score is what is used for the purposes ^ ^ ™ s c «™ed 

5" and 3' ^^^^2^^°^ 
which a, not n-tte^"^ ^ * * FAS ™ 

— * - - « 

«quence and „e reforc , F y ™ dete, "'" s «»«■ a« ft. 5' end of to subjec, 
of 1* firs, 10 bases a, > end ^ 10 3™!!?°'* ° 0 ' " ^"alignmem 
>s ("^ofbasesMlteS'andr^ J P "T aSeSKf,resent of me sequence 

— > so ,0, „ JZ^ZZT'''*- " * ~ 

FASTDB program. «-.^» b J - ^?7 otata - * ■» 

would be 90%. ,„ a„o,her ex^pTa IT * f " ,a ' ^ 

with a 100 base query sequence Th,<7 t , ^ SeqUCnce is ""P"^ 

• - » bies M ,u r 5 . « HfTr - , — ■ - **' 

"Maligned wirh me query. ,„ Ms J~ "f^' SC '" Kn « « no. 

FASTDB is nol manually corrected oT Perca " id """ y "y 

— » which are „« nXal.^ ~' ^ * ~» <"■-*« 

*■ ■*■> acid sequence of me sZT, " is '—*<' *■ 

r - - su.ee, -CiT^^;; « ^ 

a amino acid »T«T ~ « - »» '» 

■*""> -ay be in^d. d e,e^ (ta * f . 7"° ^ 

^^^^nce^Ltr "*° • d "- 
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potion, in^edei^M^ .^ 

» one or more contiguous groups within , he refcrc „ K scquence 

» Table 1 or ,o the amino acid ^ ^tvT r^ 5 " 0 ™ 

determining me bat overall max* between a II ' 

P*sen, invention, and . subject J^" ^ " <* - * 

dm can be defcrmi ned using L F «^B c " ' *** 

1 algorithm of Brutlag e, at (Co J A » based °» *> 

muagaal (Comp. Mpp. B ,„j cl (1990)( 5. 2 3 7 , 4 

altgnment the query and subject sequences are <Lr I t , ^'*" Ce 
both amino acid sequerces LJk^, ^ " 

Matrix=PAMO khmu o ™- - MSTDB 31111110 acid alignment are: 

GroulZ"^ 

cap « j^siir o ^ro;r b oap p ^- s - 

sequence, whichever is shorter ^ ^ «*■ 

- Jzzzz ;^ oeT rzr- • »- - - 

sequence, me percent identity is corrected hL^ '° W 

W sequel. tha, are N- ^"^t ' ' " 

■MtcheoValigned with , corr.™ ^ ^ JKt which « »* 

of the,uery^« CST V JM ' KidUe ' bases 

of d-e^Lr^eTat::;^ * * «— 

P— identity, cLJiTZ ^^TZ^ ^ ^ * 
is what is used for the , ,. ftaU pacm ide "*y **™ 

sequence, are considLedZ °°' with the query 

-re. Tba. is 3y T * — ^ «*"*« "» P— 

^duesof ,he's^,~ Ue " «-* "» **« and C-tem« 

q ery sequence to determine percent identity. The deletion ^ „ ^ N . 
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temiinus of the subject sequence and therefore, the FASTDB ah™, , * 
a matching/aJignment of the first I0 residues at J^TTTn 
^represent 10 % of the sequence (nurnber of ^ c^T 

not matched/total number of residues in the query sequence) „ " V 6 ™"' 
3 from the percent identity score calculated by the FASTDB nro ^ 
residues were perfectiy mashed ^ .^^r^t 

sequence. Thi s time the deletions are interna! deletion, ™ .„ q ^ 

Once again, orty resldue posltions J ^1 ,T % COm:Cttd ' 

«q»e„ce, as displayed in the FASTDB Z, ^ °f 1>= subject 

.onudeforthep.tposesofthepJnt ™ *•*-■--—«*«» 

VEGF-2 Polypeptides 

encoded by the defied cDn! 1 « J \T * "*» ^ 
20 such polypeptides 8me " B ' """"^ and of 

PO^dewLI^s'Jc^r^P ^ CDNA ' — ° 
^-"-y^sa^oio^Jr:™ P ~^»"i sure 3 

'^polypeptide of which the fmgmem fojTLT PnSed Witbin " 

stogie con,™ regi0 , RepJX^r T"' ~" " ' 

0 invention, include for examl f ^ Polypeptide fragments of the 

at either extreme or at both extremes. ' ' ' 0r " ^ aClds ' 
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Preferred polypeptide fragments include the secreted VEGF-2 protein as well 
as the mature form. Further preferred polypeptide fragments include the secreted 
VEGF-2 protein or the mature form having a continuous series of deleted residues 
from the amino or the carboxy terminus, or both. For example, any number of amino 
■a*, ranging from 1-60, can be deleted from the amino termmus of either the 
. secreted VEGF-2 polypeptide or the mature form. Similarly, any number of amino 
acids ran ging from U3 0, can be deleted from the carboxy terminus of the secreted 
VEGF-2 protein or mature form. Furthermore, any combination of the above amino 
and carboxy terminus deletions are preferred. Similarly, polynucleotide fragments 
encodmg these VEGF-2 polypeptide fragments are also preferred 

Also preferred are VEGF-2 polypeptide and polynucleotide fragments 
ch„d by structural or functional domains, such as fragments that comprise 
alpha-hehx and alpha-helix forming regions, beta-sheet and beta-sheet-forming 
regions, turn and turn-forming regions, coil and coil-forming regions, hydrophilic 
regions, hydrophobic regions, alpha amphipathic regions, beta amphipathic regions 
flex.ble regions, surface-forming regions, substrate binding region, and high antigenic 
index re glon s. Polypeptide fragments of SEQ ID NO:2 falling within conserved 
damns are specifically contemplated by the present invention. (See Figure 2 ) 
Moreover, polynucleotide fragments encoding the* domains are also contemplated 

Other preferred fragments are biologically active VEGF-2 fragments 
Biologically active fragments are those exhibiting activity similar, but not necessarily 
identical, to an activity of the VEGF-2 polypeptide. The biological activity of the 
fragments may include an improved desired activity, or a decreased undesirable 
activity. 

The polypeptides of the present invention may be recombinant polypeptides 
natural polypeptides, or synthetic polypeptides; preferably recombinant polypeptides ' 

It will be recognized in the art that some amino acid sequences of the VEGF-2 
polypeptide can be varied without significant effect of the structure or function of the 
protean. If such differences in sequence are contemplated, it should be remembered 
that there will be critical areas on the protein which determine activity 

Thus, the invention further includes variations of the VEGF-2 polypeptide 
which show substantia, VEGF-2 peptide activity or which include regis of 
VEGF-2 protein such as the protein portions discussed below. Such mutants include 
deletions, .nsertions, inversions, repeats, and type substitutions. As indicated above 
guidance concerning which amino acid changes are Ukely to be phenotyoically sileni 
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can be found in Bowie, J.U., „ "Deciphering the Message in Protein Se,^. 

ToW ,o Amino Acid Substitutions,- Sconce 247: 1 306-13 ,0 (,990, 

„, , IT' ' he , fra|p " en,s ' deriva,iv "' 01 «-Kv "f *e po.ypep.ides of Figures 1 

SHIT" m subai ' UKd wi,h a ~ or « 

«*. (preferabiy a conserved amino acid residue) Md such substituted amino acid 
residue may or may not be one encoded by me geneuc cod.- „, , n T! 
or more of me amino acid residues inc,ud« a JS^l t £ " 
*c maure polypepdde is fused with anodter ^ d si 1 a cT " T 

m which the addiUonal amino acids are fused to J , ! 

leader or secret*™.. ™ M w ™ m «>K Polypeptide, such as a 

teaderor secretory sequence or a sequence which is employed for purification of the 
mamre po y p=p„de or a proptotein sequence; or (v, „ ne in which C ompris« tZ 
ammo actd readues shown in SEQ ID NOS* 2 or 4 and mt • t 

char J" Pa " iCUlar intereSt ^ SUbStitUti ° nS ° f ^ «*» acids with another 

^ ; ~ ith reduced positive charge to ^ ch — 

VEGF 2 protean The prevention of aggregation is highly desirable. Aggregation of 
proteins not only results in a loss of activity but can akn h. „ 

preparing pharmaceutical formuladons because ^cll ' ' ^ 

e/a/ C/i« F m r , ,0eCaUSethe y canbe ™nogenic. (Pinckard 

(1993)). ™<™/*«*c Drug Carrier Systems 70:307-377 

cell surfl!' rePlaCement ^ ^ ^ 2,50 ^ the selectivity of binding to 
cell surface receptors. Ostade et ai, Nature 361266 2fiR noon / -u 

mutations resulting in selective binding of T^atooJ rT 
30 of TNF receptors. Thus the VEGF 2 nfT * ^ ^ ^ 

. S ' ^ VEGF ' 2 of ^ present invention may include one or 

35 protein (sec Table 1). gnincantly affect the folding or activity of the 
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TABLE I. 

Aromatic 



^nenyJalanine 
Tryptophan 
Tyrosine 




— *■ 50, 40, 30, 25. 20, ,5, " 5 IT **** -» « be 

Amino acids in the VEGF 2 
for functa cm te " ^ * *. presem tavemio „ that 

"•"agenesis w alanine-sca™^ '" "* su <* » *>**w«| 

^ ^ in P»-*- ^odnces si„ 8te ^ 

~*m such as cryaaUizata, ^ ~"J C ™ ^° te *—d by s^ 

312 "992». ( " 92) and de v <» ««l Science 255:306 

Polypeptides and polvnucfcnrw. , t 
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25 



30 



35 



naturally-occurring polynucleotide or poly-oiide n„ 

-lated, butthesarr.poiyn^^^ • animaJ is „ 

all of the coexisting materials in the ? f ™> some or 

^oepartofa vectorana^ ^ ~ « 
* composition, and still be isolated in L suT P C0Uld be ° f ■ 

natural environment. ^ VeCt0r ° r COm P° si ^ is not part of fc 

In specific embodiments, the polynucleotide „f * • 
kb, 200 kb, 100 kb , 50 kb 15 kb 7oTb ^ ,nvent '<>n are less than 300 

embodiment, polynucleotides of the 'invention" ^ ?* " ^ * fimher 
>0 n^JeotidesofVEGF.2codin g se QU e„cT w C ° mPnSe " ^ 15 Conti S uou s 
VEGP-2 intro. In ^£Z£££« **** - °r • PO«ion of any 
sequence does not contain coding ^^^.T^ 
to the VEGF-2 gene in the genome) * ^ ^ gCne < Le " 5 ' « 3 ■ 

NOS:2 and 4, and more preferil ^I^T^ * - «Q ID 

^identittftothepo^ <«« P-ferably at least 

least 95% Parity (stil, more preferably at l2 9 09 , "* 31 
SEQ ID NOS.-2 and 4 and also include oo« V ^ t0 P ° ,ypeptides of 
Portion of the poly peptide gene ^ y c JV^ ^ such 
preferably at least 50 amino acids. ac,ds md m ore 

As known in the an "similarity" between , 
comparing the amino acid sequence Id its ~ « de "™ned by 

^^^^^ot^J^^^ "*» SUbstitut - of one 

Fragments or portions of the polypeptides nf * 
employed for producing the corresp^™ -wl T ^ ^ * 
synthesis; therefore, the fragments may be elov H ^ ° by 

length polypep.de, Fragment or ^ for Pacing 

present -endon may be ased to s^ze ^ of * 

invention. M"* 9 ** Polynucleotides of the present 

- crzt:^ ~t n inc,ude - « — * 

deposited the cDNA minus L iea^L ^ 

comprising amino acids about - 23 to about ™T- 3 P 01 **** 

-Prising an.no aci* about - 22 t0 ^ J » • M 

v inu.2; a polypeptide 
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compnsmg amino acids about 1 t0 abou. 396 in SEQ ID NO:2; as well as polypeptides 
whtch ate at east 95% identical and more preferably « 96 % , „ % ™ % or 
99% .denuca, 1° the polypes described above aM aUo incite poruons of such 
polWdes w,th at leas. 30 amino acids and more preferabJv „ leas , 50 ^ ^ 

Fusion Proteins 

Any VEGF-2 polypeptide can be used to general fusion proteins For 
example VEGF.2po lvpeptide , wtel fcsed to a second profcin. can be used as Z 
auugemc »g. Anybodies rais* against .he VEGF-2 polypepUde can be used to 
.nd^cdv de.ee, me second profcin by binding «, ft, VEOF-2. Moreover, because 
««- pm~ target cellular locations based on traflicking signals, the VEGF-2 
polypepudes can be used as a targeting molecule once fused to other proteins 

only haerologous stgnal sciences, but also other h«ero<ogo* tacuonal region, 
s^enT ° e " Karily ^ '° " ta ~> «» *«* 

of d« VBOF-2 polypepude. For instar.ee, a region of additional amino acids 
pamcularty charged amino acids, may be added to ft, N-Krminus of me VEOF-2 
poiy^pude „ improve s«abffl,y and persistence during purif.ca.ion from the nos, cdl 

ft- prcpamuon of me VMM po.yp^tide. The addition of p^de ,° 
ftcteM, tf pevpepudes are familia, andromme techni^ theT 

Moreover. VEOF-2 polypeptides, including fragr™^, mi 
puopes. can b. combi^d with pans of me cor^n, domain of immu^globulta 
Wft result . ch.meric polypeptides. These fusion pro «ei„s facial pudficatio! 

■ wf ' ufe to " v °- °" rep ° rted ^ —* 

prouans conasting 0 , ft. fim ,„ 0 domains rf ^ ^ 

vanous domams of ft. cons*., regions of ^ ^ „ P f J^ d 

-nunoglobulins. <EP A 394.827; Tm.meck.r * a i, Naure 

Fuston pro*™ having disused dimeric stn.cu.res (due to the lg 0) can aZ 

«~ - and neutiali^g omer modules, ft. L mM101 ^ 
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Similarly, EP-A-0 464 533 (Canadian counterpart 2045869) di*. f ■ 
proteins comprising various nnrt; rt « , ^^9) chscloses fusion 

fusion protein is beneficial in tfaeranv a „H h Fc pan in a 

d**f ih, Fc pan after teiM1 ^ ™> "™»*. 

would be desired. For examrj. .h, b • XprKSed - * le< * d . W Purified. 

* «— pro,.;, is irrt^ , My ^ ^ - *■»* » 

» purpose of U stl -Lu21Z " ^ * ""^ '<* *= 

Biol C^ 27 ^4™~ *** (l995,: K ' 

convenient p orilicadon of * ' 89) ' for "~ * ta*Mdb» provides for 
purificaion, die "HA taff t „ ' A " 0,1,er ^ «■ useful for 

— p.:: zzt^zxt* to te ite 

Biological Activities of VEGF-2 
one or ZZ^^ ^ " — * *< 

diseases associated with the h;«i,w . . . v ^f-2 may be involved in the 

rca Wltn biological activity. Therefore vprc o 
treat the associated disease. ° F * 2 C0U,d * used t0 

Immune Activity 

^rr 8 or iDhibiun8 "* • 
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neutrophils, and macrophages) anH . u 

POlynucWdes co„,d be ^ „ «*• VEGF-2 po Iyp e plite J 

hematic ce«s. i„ cluding fc pl J^ * ff ~° - Pttta*. „f 

f"*- «*- -* a decrease r^ZLT to " ^ t0 « *- 

^P'eso ftau ^ ogic ^ (»r nuny) types ta,^ ^ 

common viable im ^^ ^^oMnenti.,. ^ 

Moreover. VEGF-2 polypeptideT^^™' * '"»**■»*. 
n>od*ate he mosatic ^ * -J *-***. can * „ osed 

c activity, VEGF-2 

^ factor ^7,*- 

*-*^*P-* or w„ mds te^J?^, bl00d «** On*, (e . g . 

of hear, a-a* Warcio^t " " ^ ~ » 

VEGF-2 peptides „, 

polynucleotides that can inhibit an ininiun^rcs!^'' 1 ^ »r 

wsease, he mo jytic anemia, 
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anuphospholipid syndrome, rheumatoid artnritjs , ^ 
encephalomyelitis, glometulonephritis. Goodpasture's Syndrome. Graves' Disease 
Muluple Sclerosis. Myasthenia Gravis. Neuritis. Oputhataia, Bullous Pemphigoid' 
Pemphtgus, PoIyendocrinopatMes. Purpura, Reiter's Disease, Stiff-Man Syndrome' 
■ Autounmun. Thyroiditis, Systemic Lupus B^U— «««. Autoimmune PuJmonary 
nflammation GuiUaM-Bane Syndrome, insuiin depended diaoe.es mellitis, Z 
autoimmune inflammatory eye disease. 

Similarly, allergic reactions and conditions, such as asthma (panicularly 
allege asthma) or other respiratory problems, may also be treated by VEGF-2 
polypeptide or polynucleotides. Moreover. VEGF-2 can be used ,„ Kat 

hypeniensitivi* to an antigenic moiKule> „ 
incompatibility. 8 up 

VEGF-2 polynucleoddes or polypeptides may also be used ,„ treat and/or 
prevent organ rejection or graft-vercus-host disease (GVHD). Organ rejection occur, 

loI'tL"" °' " *~ ^ - 

response. Stmtlarly. an tmmune response is also involved in GVHD, but, in this 
case, the forego transplanted immune cells destrcy the host tissues. The 
"taustrauc* „ VEGF-2 poiypeptides or polynucleotides that inhibit an immuL 
response, particularly the proliferation, differentiation, or chemotaxis of T-cells may 
^effecuvetherapyinprevenUngorganrejectionorGVHD. Similarly. 

For example VBGF-2 polypeptides or polynucleoddes may inhibit the pr„,iferation 
^dtfferenuauon ofceUs invoived in an inflammatory response. The* mo lecules 
- b. used to «» inflammatory conditions, bom chronic and acute conditions 
-udmg mflammation associaed with infection (e.g.. septic shoe*, sepsis, or 
yaermc inflammatory response syndrome (SIRS)), ischemia-reperfusion injury 

disease, or resulting from overproduction of cytokines (e.g., TNFor IL-I.) 
Hyperprollferalive Disorders 

VEGF-2 polypeptides or polynucleotides can be used to neat or detect 

or ^nucleotides may inhibit d* mliMm of ^ ^ ^ 
.uduec. ^ns. ^ ^ ° 
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0 



polynucleotides may proliferate other calk u,h,>h 

disorder. ^ ° m ,nhlbit ** hyperproliferadve 

^Jc OT ^'o/'rr vr™ rcsponse - 

«.pl^ ™s 

or * initio a new ^ ^ ~ 

response may also be » m.*™! 1 . AlttraaUve| y. deceasing an immune 

*L±J£ agl " ">™*ve ^ such „ a 

Examples of byF^roliferarive disorders thai iv. , 
VEGF-2 ^agoais, po lviluclM>tWK . ^ 'T* or detected by 

neoplasms l„c*ed m me: abdomen. bc^E^^ " " ^ » 

»y other hyperproliferadve a^T^T" , -* 
listed above. ™™> -"P^a, locattd in an organ system 



Infectious Disease 



wthoo, necessarily eliciting an imm™ response "*""" ^ 

Examples of viruses include hut „ r ^ nuc,e ""les or polypeptides. 

— Ar.rt^^rr 8DNAMd ^ A ^ 
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Hepadnaviridae (Hepatitis), Herpesviridae (such as. Cytomegalic Herpes 

£££ TTaT* MMOne8aViraS <e 8 - P — L. Morbi^ 
Rhabdov ndae), Ordrornyxovuidae (e.g.. Mu e n2a) , p^^' 

Ptcornavrndae, Po XvHdae (such 2j SmaB)x)x „ 
■ Rouvhus). Re^viridae (HTLV ., „„. 

Rub.vi.us). Vta« falbng within these « ^ , v J^t^t 

symptoms but „„, m K: ^ Itp ™ 

C. E. Ctaonrc Achve, Deha), memngitis, opp,^ ' ^ 

pneumonta. Burkirfs Lymphoma, chickenpox . hemorrhagic fever Mel es" Mum! ' 
ta-ta-. Rabies. the com™ co,d. Polio, hL* '^ IT 
drseases. skin diseases (e.g.. Kaposi's, warts), ana virern^ 

>* - an, * ^pl 

Similarly, bacterial or fungal agents that can r 9 ,,« a- 

that can be treated or detected bv VEGF , , , " aDd 

icq or aetected by VEGF-2 polynucleotides or polypeptides include 

Oomycosis. Bordetella, Borrelia, ^sis ^ ^ 

( rr^,rcr vers^ r i' . 

Usioneltosi* l„, • Ye ™»>. Brysipelothrix. Helicobacler, 

aX^T Mycophsmata.es. Neisserias ,e.. 

Gonorrhea. Menigococcal), Paste^reUacea 
Ac nobactllus. Heamophilus, PasKureUa), Pseudomonas, iZJZZ 

cause the follow,ng diseases or symptoms, including, but no, limited to- bacteremia, 
codocardrus. eye infections (conjunctivitis, tuberculosis, uveitis) 
opportunisuc infections (e.a AIDS i»lar«f inf„,- * PWmtu. 
infections Reit^ni, ">f«t.ons), paronychia, prosthesis-related 

mfecttons. Refers Drsease, resonator, tract infections, such as Whooping Court or 
E^ern, sepsis. Lyme Disease. Cat-* ra ,c„ Disease, 

Syphtus. Dtphtoa. Leprosy, Paratuberculosis, Tube rc ulosis, Lupus, Botulism 

eases (e.g., cellulitis, derraatocycoses), toxemia, urinary tract 
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infections, wound infections. VEGF-2 polypeptides or polynucleotides can be used to 
treat or detect any of these symptoms or diseases. 

Moreover, parasitic agents causing disease or symptoms that can be treated or 
detected by VEGF-2 polynucleotides or polypeptides include, but not limited to, the 
following families: Amebiasis, Babesiosis, Coccidiosis, Cryptosporidiosis, 
Dientamoebiasis, Dourine, Ectoparasitic, Giardiasis, Helminthiasis, Leishmaniasis, 
Theileriasis, Toxoplasmosis, Trypanosomiasis, and Trichomonas. These parasites 
can cause a variety of diseases or symptoms, including, but not limited to: Scabies, 
Trombiculiasis, eye infections, intestinal disease (e.g., dysentery, giardiasis), liver 
disease, lung disease, opportunistic infections (e.g., AIDS related), Malaria, 
pregnancy complications, and toxoplasmosis. VEGF-2 polypeptides or 
polynucleotides can be used to treat or detect any of these symptoms or diseases. 

Preferably, treatment using VEGF-2 polypeptides or polynucleotides could 
either be by administering an effective amount of VEGF-2 polypeptide to the patient, 
or by removing cells from the patient, supplying the cells with VEGF-2 
polynucleotide, and returning the engineered cells to the patient (ex vivo therapy). 
Moreover, the VEGF-2 polypeptide or polynucleotide can be used as an antigen in a 
vaccine to raise an immune response against infectious disease. 

Regeneration 

VEGF-2 polynucleotides or polypeptides can be used to differentiate, 
proliferate, and attract cells, leading to the regeneration of tissues. (See, Science 
276:59-87 (1997).) The regeneration of tissues could be used to repair, replace, or 
protect tissue damaged by congenital defects, trauma (wounds, burns, incisions, or 
ulcers), age, disease (e.g. osteoporosis, osteocarthritis, periodontal disease, liver 
failure), surgery, including cosmetic plastic surgery, fibrosis, reperfusion injury, or 
systemic cytokine damage. 

Tissues that could be regenerated using the present invention include organs 
(e.g., pancreas, liver, intestine, kidney, skin, endothelium), muscle (smooth, skeletal 
or cardiac), vascular (including vascular endothelium), lymphatic (including lymphatic 
endothelium), nervous, hematopoietic, and skeletal (bone, cartilage, tendon, and 
ligament) tissue. Preferably, regeneration occurs without or decreased scarring. 
Regeneration also may include angiogenesis. 

Moreover, VEGF-2 polynucleotides or polypeptides may increase regeneration 
of tissues difficult to heal. For example, increased tendon/ligament regeneration 
would quicken recovery time after damage. VEGF-2 polynucleotides or polypeptides 



WO 99/46364 



-46- 



PCT/US99/05021 



T T, " ^ '« - -fa. .o avoid 

^ge. Specie d.s«ses to. couki be Ueated tacludc of lendini , js 

syndrome, Md olher , mdon „ Bganrau a J£P- «- 

°< woun ds inch* pressure ^ ^ 

5 vascular insufficiency, surgical, and trauma,* wounds 
Similarly, nerve ^in ^ ^ ^ 

tacould be Ueated using Ws ^ ^ ^ „ OTOlB D ^ 
dtseases, neuropathies, or mechanical and traumauc disorders (e.g 
> borders head trauma, cerebrovascular disease, and stoke, SpLiLuHeTl! 
associated w„h peripheral nerve injuries, peripheral neuropathy £ rLL^Z 

system dtseases (e.g., Alzhetmer* disease, Parkinson's disease Huntinaon's 
using the VEGF-2 polynucleotides or polypeptides. 
Chemotaxis 

VEGF-2 polynucleotides or polypeptides may have chemotaxis activity A 
chemotaxic molecule attracts or mobilizes celk t* „ 

panfcula^' 2 ^"^ M "»> ta ~ activity of 

particular cells. These chemotacuc molecules can then be u< e rt t~»> • n 

*e number of cells urge^d «, a paricul* locate in the body Por^Z 
ternotaxtc mo,ecules can b. used to treat wounds ar*. other traL I J^y' 
-««* -n»ne ceils ,„ the fajured location . ^ . m „ ' 

could also attract fibroblasts, which can be used a treat wounds 

I. .s also contempt tha, VEGF-2 polynudeotifa „ r polypepUdes may 
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Binding Activity 

^ P°'yP=PtW« may be used to screen for molecules that bind ,o VEGF- 
2 or for molecule ,0 which VEGF-2 binds. The bmding of VEOF-2 and the 
— -M*-. (agonisr, increase, inhibit fantagomst^ decri a^^f 

oligonucleotides, proteins <e.g., recep t ors),or small molecules 

Preferably, the molecule is closely related to the natural hgand of VEGF-2 

receptor to which VEGF-2 binds ri e Fit ^ , 

-^onal.ydesignedu^Wn^, Lj^T^t 
*=se molecu.es involve, prrfucing lppropIiatt alls whfch e VE ~^ 

as . secreted protein or o„ the eel, membrane. Preferred cl include cefe £ 
mammals. yeasf^pbiKorEcoU. CeUs expressing VEGF-2«or^ memb^ 
— g the expressed polypepude, are me. prefely conti^uT^ 
poetry containing me molecufc to observing. *£L~ 
mhibmon of activity of either VEGF-2 or Ihe molecule 

The assay may simply test binding of a candidal compound toVEQF-2 
wteein bindtng ,s detect by a .abel. or in an assay involving compedd™ Z a 

VEGF-2 or by competing with VEGF-2 for a substrate. 

All of these above assays can be used as diagnostic or prognostic markers 

2££ fT " sins — Mtt ^» ~ 

about a paracular resu t in a patient (z * m^a , g 

inhibiting the VUPa^JT^^^*** " ^ " 

iwcuver. tne assays can discover agents which 
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may inhibitor enhance the production of VEGF-2 from suitably manipulated cells or 



tissues. 



Therefore, the invention includes a method of identifying compounds which 
bind to VEGF-2 comprising the steps of: (a) incubating a candidate binding 
5 compound with VEGF-2; and (b) determining if binding has occurred. Moreover the 
invention includes a method of identifying agonists/antagonists comprising the steps 
of: (a) .ncubaung a candidate compound with VEGF-2. (b) assaying a biological 
activity , and (b) determining if a biological activity of VEGF-2 has been altered. 

10 Other Activities 

VEGF-2 polypeptides or polynucleotides may also increase or decrease the 
d,fferent,ation or proliferation of embryonic stem cells, besides, as discussed above 
hematopoietic lineage. 

VEGF-2 polypeptides or polynucleotides may also be used to modulate 
.5 mammalian characteristics, such as body height, weight, hair color, eye color, skin 
percentage of adipose tissue, pigmentation, size, and shape (e.g., cosmetic surgery)' 
Sirndarly, VEGF-2 polypeptides or polynucleotides may be used to moduli* 
mammalian metabolism affecting catabolism, anabolism, processing, utilization, and 
storage of energy. 

» VEGF-2 polypeptides or polynucleotides may be used to change a mammal's 

mental state or physical state by influencing biorhythms. caricadic rhythms, 
depress™ (tncluding depressive disorders), tendency for violence, tolerance for pain 
reproduce capabilities (preferably by Activin or Inhibin-like activity), hormonal or 
endocrine levels, appetite, libido, memory, stress, or other cognitive qualities 

5 VEGF-2 polypeptides or polynucleotides may also be used as a food additive 

or preservative, such as to increase or decrease storage capabilities, fat content, lipid, 
protem. carbohydrate, vitamins, minerals, cofactors or other nutritional components. 

Vectors, Host Cells, and Protein Production 
» The present invention also relates to recombinant vectors, which include the 

isolated nucleic acid molecules of the present invention, and to host cells containing 
the recombmant vectors, as well as to methods of making such vectors and host cells 
and for using mem for production of VEGF-2 polypeptides or peptides by 
recombinant techniques. 

Hostcellsaregeneticallyengineered (transduced, transformed, or transfected) 
with the vectors of this invention which may be, for example, a cloning vector or an 
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5 condidoas, such „ Kmpa J 1K pH °" f** te '""'»'<'"- He cute 

■0 a pCypepuoe. Such veers i^^^^ 

DNA screes. derivahves of SV^^J 1 ?T' "* ^ 

*que„c« for amplifying rapttssi<)11 . VK " > ' ray 3150 "** WH- 

In addition, the expression vectors DrefrraKiw ~. ♦ • 
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CTO COS 2' S " ChaSC « S2 Sf9; amma, ceiis sue as 

CHO. COS, and Bowes melanoma; ^ p]ant Mlls ^ 

dee** » be wilhin the scope „, those sKiled in the art from thelLgs 

5 «JT PaniC "'"' y ' ^ i ° re "' i0 " ^ taChlte "-TUCK 
ccrnpnsrngoneormoreofthe sequences as broadly described above. „. constrj 

„ has been tnsened, ,o a forward or reverse orientation. I„ a preferred aspec, 

~ o ' ^ X ""^ 10 "* SK|UCTce ' La * e — ~ of 

„0^ ^ ™ r g VeC,0rS ProVidKi * ° f «*• • tart* PQE70 
PQE60 and pOE-9. avauable torn r^ger.; pBS vectors. Phagescrip, 
Btaescnp, v«,„ K , pNH8A , pN „, 6l , pNH18A . pNH46A , ^ 
Sb^ene; and p^a, PKK223-3, pKK23 3.3. pDR540, pRTTS availaMe 
Ptamacta. Anjong prefe^d eukarvodc vectors are pWLNEO. pSV2CAT, pOcT 

^leftomPhan™^ Ota,.**, vectors wi,. be readily apparent* the Lled 
In addition to the use of expression vectors in the practice of the present 
operator and promoter elements operative!, Unfed „ nucleoli(fc ^ JJ"J 

ID NO. 6) ntclode: 1) a neomyanpnosphotrarafetase gene as a selecdon marker 2) 
sequences, 5) a Shine-Delgamo seauence a\ tu* u * 

/w^ j -,v , sequence, o) the lactose operon repressor eene 

East Meadow Circle, Palo Alto CA 94303 ' 1020 

ATrr „ ' Urtiro(V - Ay43 °3-ThepHE4a vector was deposited with the 

ATCC on February 25, 1998, and given accession number 209645. 

A nucleotide sequence encoding VEGF-2 (SBO mmn •. 

linked to the promoter and operator of oHE4 a h >' 

a operator of pHE4a by restricting the vector with Ndel and 
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ather Xbal, BamHI, Xhol. or Asp718, and isolating the larger fragment (the multiple 
cloning site region is about 310 nucleotides) on a gel. The nucleotide sequence 
encoding VEGF-2 (SEQ ID NO:l) having the appropriate restriction sites is 
generated, for example, according to the PCR protocol described in Examplel, using 
PCR primers having restriction sites for Ndel (as the 5" primer) and either Xbal 
BamHI, Xhol, or As P 718 (as the 3' primer). The PCR insert is gel purified and 
restricted w,th compatible enzymes. The insert and vector are ligated according to 
standard protocols. 

As noted above, the pHE4a vector contains a laclq gene. laclq is an allele of 
the lad gene which confers tight regulation of the lac operator. Amann E et al 
Gene 59:301-315 (1988); Stark, M., Gene 57:255-267 (1987). The 'laclq gene 
encodes a repressor protein which binds to lac operator sequences and blocks 
transcr.pt.on of down-stream (i.e., 3') sequences. However, the laclq gene product 
dissocates from the lac operator in the presence of either lactose or certain lactose 
analogs, e.g., isopropyl B-D-thiogalactopyranoside (IPTG).VEGF-2 thus is not 
produced in appreciable quantities in uninduced host cells containing the pHE4a 
vector. Induction of these host cells by the addition of an agent such as IPTG, 
however, results in the expression of the VEGF-2 coding sequence. 

The promoter/operator sequences of the pHE4a vector (SEQ ID NO- 17) 
comprise a T5 phage promoter and two lac operator sequences. One operator is 
located 5 1 to the transcriptional start site and the other is located 3' to the same site 
These operators, when present in combination with the laclq gene product, confer 
tight repres S .on of down-stream sequences in the absence of a lac operon inducer, 
e.g., IPTG. Expression of operatively linked sequences located down-stream from 
the lac operators may be induced by the addition of a lac operon inducer, such as 
IPTG. Binding of a lac inducer to the laclq proteins results in their release from the 
lac operator sequences and the initiation of transcription of operatively linked 
sequences. Lac operon regulation of gene expression is reviewed in Devlin T 
Textbook of Biochemistoy wtth Clinical Correlates, 4th Edition (1997) pages 
802-807. 5 

The pHE4 series of vectors contain all of the components of the pHE4a vector 
except for the VEGF-2 coding sequence. Features of the pHE4a vectors include 
optumzed synthetic T5 phage promoter, lac operator, and Shine-Delagarno sequences 
Further, these sequences are also optimally spaced so that expression of an inserted 
gene may be tightly regulated and high level of expression occurs upon induction 
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Among known bacterial promoters suitable for use in the production of 
proteins of the present invention include the E. coli loci and lacZ promoters the T3 
and T7 promoters, the gpt promoter, the lambda PR and PL promoters and the trp 
promoter. Suitable eukaryotic promoters include the CMV immediate early promoter 
• the HSV thymidine kinase promoter, the early and late SV40 promoters the' 
promoters of retroviral LTRs, such as those of the Rous Sarcoma Virus (RS V)' and 
metaUothionein promoters, such as the mouse metallothionein-I promoter 

The pHE4a vector also contains a Shine-Delgarno sequence 5" to the AUG 
.Ration codon. Shine-Delgarno sequences are short sequences generally located 
about 10 nucleotides up-stream (/.*., 5') from the AUG initiation codon These 
sequences essentially direct prokaryotic ribosomes to the AUG initiation codon 

Thus, the present invention is also directed to expression vector useful for the 
production of the proteins of the present invention. This aspect of the invention is 
exemplified by the pHE4a vector (SEQ ID NO:16). 

Pr ° m0ter cm be selected from any desired gene using CAT 

(chloramphenicol transferase) vectors or other vectors with selectable markers Two 
appropriate vectors are pKK232. 8 and P CM7. Particular named bacterial promoters 
mdude lacUacZ, T3. T7, gpt. lambda P R , P L and trp. Eukaryotic promoters include 
CMV immediate early. HSV thymidine kinase, early and late SV40, LTRs from 
retrovirus, and mouse metallothionein-I. Selection of the appropriate vector and 
promoter is well within the level of ordinary skill in the art. 

In a further embodiment, the present invention relates to host cells containing 
the above-described construct. The host cell can be a higher eukaryotic cell, such as a 
mammalian cell, or a lower eukaryotic cell, such as a yeast cell, or the host cell can be 
a prokaryotic cell, such as a bacterial cell. Introduction of the construct into the host 
cell can be effected by calcium phosphate transfection, DEAE-Dextran mediated 
transfection, electroporation. transduction, infection, or other methods (Davis, L . et 
ai t Basic Methods in Molecular Biology (1986)). 

The constructs in host cells can be used in a conventional manner to produce 
the gene product encoded by the recombinant sequence. Alternatively, the 
polypeptides of the invention can be synthetically produced by conventional peptide 
synthesizers. ^ F 

Mature proteins can be expressed in mammalian cells, yeast, bacteria, or other 
cells under the control of appropriate promoters. Cell-free translation systems can also 
be employed to produce such proteins using RNAs derived from the DNA constructs 
of the present invention. Appropriate cloning and expression vectors for use with 
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prokaryotic and eukaryotic hosts are described by Sambrook. et ai, Molecular 
Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, N.Y. (1989), the disclosure of which is hereby incorporated by 
reference. 

5 Transcription of a DNA encoding the polypeptides of the present invention by 

higher eukaryotes is increased by inserting an enhancer sequence into the vector. 
Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp, that act 
on a promoter to increase its transcription. Examples include the SV40 enhancer on 
the late side of the replication origin (bp 100 to 270), a cytomegalovirus early 

10 promoter enhancer, a polyoma enhancer on the late side of the replication origin, and 
adenovirus enhancers. 

Generally, recombinant expression vectors will include origins of replication 
and selectable markers permitting transformation of the host cell, e.g., the ampicillin 
resistance gene of E. coli and 5. cerevisiae TRP1 gene, and a promoter derived from a 

15 highly-expressed gene to direct transcription of a downstream structural sequence. 
Such promoters can be derived from operons encoding glycolytic enzymes such as 3- 
phosphoglycerate kinase (PGK), a-factor, acid phosphatase, or heat shock proteins, 
among others. The heterologous structural sequence is assembled in appropriate 
phase with translation initiation and termination sequences, and preferably, a leader 

20 sequence capable of directing secretion of translated protein into the periplasmic space 
or extracellular medium. Optionally, the heterologous sequence can encode a fusion 
protein including an N-temiinal identification peptide imparting desired characteristics, 
e.g., stabilization or simplified purification of expressed recombinant product. 

Useful expression vectors for bacterial use are constructed by inserting a 

25 structural DNA sequence encoding a desired protein together with suitable translation 
initiation and termination signals in operable reading phase with a functional promoter. 
The vector will comprise one or more phenotypic selectable markers and an origin of 
replication to ensure maintenance of the vector and to, if desirable, provide 
amplification within the host. Suitable prokaryotic hosts for transformation include £. 

30 coli, Bacillus subtilis, Salmonella typhimurium and various species within the genera 
Pseudomonas, Streptomyces, and Staphylococcus, although others may also be 
employed as a matter of choice. 

As a representative but nonlimiting example, useful expression vectors for 
bacterial use can comprise a selectable marker and bacterial origin of replication 

35 derived from commercially available plasmids comprising genetic elements of the well 
known cloning vector pBR322 (ATCC 37017). Such commercial vectors include, for 
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example, pKK223-3 (Phannacia Fine Chemicals, Uppsala, Sweden) and GEM1 
(Promega Biotec, Madison, WI, USA). These pBR322 "backbone" sections are 
combined with an appropriate promoter and the structural sequence to be expressed. 
Following transformation of a suitable host strain and growth of the host strain 
5 to an appropriate cell density, the selected promoter is derepressed by appropriate 
means (e.g., temperature shift or chemical induction) and cells are cultured for an 
additional period. 

Cells are typically harvested by centrifiigation, disrupted by physical or 
chemical means, and the resulting crude extract retained for further purification. 

10 Microbial cells employed in expression of proteins can be disrupted by any 

convenient method, well known to those skilled in the art, including freeze-thaw 
cycling, sonication, mechanical disruption, or use of cell lysing agents. 

Various mammalian cell culture systems can also be employed to express 
recombinant protein. Examples of mammalian expression systems include the COS-7 

15 lines of monkey kidney fibroblasts, described by Gluzman, Cell 25:175 (1981), and 
other cell lines capable of expressing a compatible vector, for example, the CI 27, 
3T3, CHO, HeLa and BHK cell lines. Mammalian expression vectors will comprise 
an origin of replication, a suitable promoter and enhancer, and also any necessary 
ribosome binding sites, polyadenylation site, splice donor and acceptor sites, 

20 transcriptional termination sequences, and 5' flanking nontranscribed sequences. 
DNA sequences derived from the SV40 viral genome, for example, SV40 origin, 
early promoter, enhancer, splice, and polyadenylation sites may be used to provide the 
required nontranscribed genetic elements. 

In addition to encompassing host cells containing the vector constructs 

25 discussed herein, the invention also encompasses primary, secondary, and 
immortalized host cells of vertebrate origin, particularly mammalian origin, that have 
been engineered to delete or replace endogenous genetic material (e.g., VEGF-2 
sequence), and/or to include genetic material (e.g., heterologous promoters) that is 
operably associated with VEGF-2 sequence of the invention, and which activates, 

30 alters, and/or amplifies endogenous VEGF-2 polynucleotides. For example, 
techniques known in the art may be used to operably associate heterologous control 
regions and endogenous polynucleotide sequences (e.g. encoding VEGF-2) via 
homologous recombination (see, e.g., U.S. Patent No. 5,641,670, issued June 24, 
1997; International Publication No. WO 96/29411 .published September 26, 1996; 

35 International Publication No. WO 94/12650, published August 4, 1994; Roller et al 3 
Proc. Natl Acad. ScL USA 56:8932-8935 (1989); and Zijlstra et aL % Nature 
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542:435-438 (1989), the disclosures of each of which are incorporated by reference in 
their entireties). 

The host cell can be a higher eukaryotic cell, such as a mammalian cell (e.g., a 
human derived cell), or a lower eukaryotic cell, such as a yeast cell, or the host all 
can be a prokaryotic cell, such as a bacterial cell. The host strain may be chosen 
which modulates the expression of the inserted gene sequences, or modifies and 
processes the gene product in the specific fashion desired. Expression from certain 
promoters can be elevated in the presence of certain inducers; thus expression of the 
genetically engineered polypeptide may be controlled. Furthermore, different host 
cells have characteristics and specific mechanisms for the translation^ and 
post-translational processing and modification (e.g., glycosylate, phosphorylation, 
cleavage) of proteins. Appropriate cell lines can be chosen to ensure the desired 
modifications and processing of the protein expressed. 

The polypeptides can be recovered and purified from recombinant cell cultures 
by methods used heretofore, including ammonium sulfate or ethanol precipitation, 
acid extraction, anion or cation exchange chromatography, phosphocellulose' 
chromatography, hydrophobic interaction chromatography, affinity chromatography, 
hydroxylapatite chromatography and lectin chromatography. It is preferred to have 
low concentrations (approximately 0.1-5mM) of calcium ion present during 
purification (Price etal, J. Biol Chem. 244:917 (1969)). Protein refolding steps 
can be used, as necessary, in completing configuration of the mature protein. Finally, 
high performance liquid chromatography (HPLC) can be employed for final 
purification steps. 

The polypeptides of the present invention may be a naturally purified product, or a 
product of chemical synthetic procedures, or produced by recombinant techniques 
from a prokaryotic or eukaryotic host (for example, by bacterial, yeast, higher plant, 
insect and mammalian cells in culture). Depending upon the host employed in a 
recombinant production procedure, the polypeptides of the present invention may be 
glycosylated with mammalian or other eukaryotic carbohydrates or may be non- 
glycosylated. Polypeptides of the invention may also include an initial methionine 
amino acid residue. 

In addition, polypeptides of the invention can be chemically synthesized using 
techniques known in the art (g^, see Creighton, 1983, Proteins: Structures and 
Molecular Principles, W.H. Freeman & Co., N.Y., and Hunkapiller, M., et al 
1984, Nature 3 10: 105-1 1 1). For example, a peptide corresponding to a fragment of 
the VEGF-2 polypeptides of the invention can be synthesized by use of a peptide 
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synthesizer. Furthermore, if desired, neoclassical amino acids or chemical amino acid 
analogs can be introduced as a substitution or addition into the VEGF-2 
polynucleotide sequence. Non-classical amino acids include, but are not limited to to 
the D-isomers of the common amino acids. 2,4-diaminobutyric acid, a-amino 
isobutync acid. 4-aminobutyric acid, Abu. 2-amino butyric acid. g-Abu e-Ahx 
6-amino hexanoic acid. Aib. 2-amino isobutyric acid. 3-amino propionic acid' 
onnthme, norleucine, norvaline, hydroxyproline. sarcosine. citruliine. homocitrulline' 
cyste. acid, l-butylglycine, t-butylalanine. pheny.glycine. cyclohexylalanine, b- 
alanine, fluoro-amino acids, designer amino acids such as b-methyl amino acids. Ca- 
methyl amino acids. Na-methyl amino acids, and amino acid analogs in general 
Furthermore, the amino acid can be D (dextrorotary) or L (levorotary) 

The invention encompasses VEGF-2 polypeptides which arc differentially 
mochfied during or after translation, by glycosylate, acetylat.on, 

phosphorylation, amidation. derivatization by known protecting/blocking groups 
proteolytic cleavage, linkage to an antibody molecule or other cellular ligand. etc Any 
of numerous chemical modifications may be carried out by known techniques 
including but not limited, to specific chemical cleavage by cyanogen bromide, trypsin' 
chymotrypsm. papain. V8 protease. NaBH 4 ; acetylation. formylation. oxidation' 
reduction; metabolic synthesis in the presence of tunicamycin; etc 

Additional post-translational modifications encompassed by the invention 
include, for example, e.g.. N-linked or O-linked carbohydrate chains, processing of 
N-termmal or C-terminal ends), attachment of chemical moieties to the amino acid 
backbone, chemical modifications of N-linked or O-linked carbohydrate chains, and 
add-on or deletion of an N-terminal methionine residue as a result of procaryotic host 
cell express™. The polypeptides may also be modified with a detectable label such 
as an enzymatic, fluorescent, isotopic or affinity label to allow for detection and 
isolation of the protein. 

Also provided by the invention are chemically modified derivatives of VEGF-2 
winch may provide additional advantages such as increased solubility, stability and 
circulating time of the polypeptide, or decreased immunogenic^ (see U. S. Patent 
No. 4,179,337). The chemical moieties for derivitization may be selected from water 
soluble polymers such as polyethylene glycol, ethylene glycol/propylene glycol 
copolymers. carboxymethylcellulose, dextran, polyvinyl alcohol and the like The 
polypeptides may be modified at random positions within the molecule, or at 
p^detemuned positions within the molecule and may include one. two. three or more 
attached chemical moieties. 



WO 99/46364 



-57- 



PCT/US99/05021 



10 



15 



20 



25 



30 



35 



The polymer may be of any molecular weight, and may be branched or 
unbranched. For polyethylene glycol, the preferred molecular weight is between 
about 1 kDa and about 100 kDa (the term "about" indicating that in preparations of 
polyethylene glycol, some molecules will weigh more, some less, than the stated 
molecular weight) for ease in handling and manufacturing. Other sizes may be used, 
depending on the desired therapeutic profile (e.g., the duration of sustained release', 
desired, the effects, if any on biological activity, the ease in handling, the degree or 
lack of antigenicity and other known effects of the polyethylene glycol to a therapeutic 
protein or analog). 

The polyethylene glycol molecules (or other chemical moieties) should be 
attached to the protein with consideration of effects on functional or antigenic domains 
of the protein. There are a number of attachment methods available to those skilled in 
the art, e.g., EP 0 401 384, herein incorporated by reference (coupling PEG to 
G-CSF), see also Malik et al., Exp. Hematol. 20:1028-1035 (1992) (reporting 
pegylation of GM-CSF using tresyl chloride). For example, polyethylene glycol may 
be covalently bound through amino acid residues via a reactive group, such as, a free 
amino or carboxyl group. Reactive groups are those to which an activated 
polyethylene glycol molecule may be bound. The amino acid residues having a free 
amino group may include lysine residues and the N-terminal amino acid residues; 
those having a free carboxyl group may include aspartic acid residues glutamic acid 
residues and the C-terminal amino acid residue. Sulfhydryl groups may also be used 
as a reactive group for attaching the polyethylene glycol molecules. Preferred for 
therapeutic purposes is attachment at an amino group, such as attachment at the 
N-terminus or lysine group. 

One may specifically desire proteins chemically modified at the N-terminus 
Using polyethylene glycol as an illustration of the present composition, one may select 
from a variety of polyethylene glycol molecules (by molecular weight, branching, 
etc.), the proportion of polyethylene glycol molecules to protein (or peptide) 
molecules in the reaction mix, the type of pegylation reaction to be performed, and the 
method of obtaining the selected N-terminally pegylated protein. The method of 
obtaming the N-terminally pegylated preparation (i.e.. separating this moiety from 
other monopegylated moieties if necessary) may be by purification of the N-terminally 
pegylated material from a population of pegylated protein molecules. Selective 
proteins chemically modified at the N-terminus modification may be accomplished by 
reductive alkylation which exploits differential reactivity of different types of primary 
amino groups (lysine versus the N-terminal) available for derivatization in a particular 
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protein. Under the appropriate reaction conditions, substantially selective 
derealization of the protein at the N-terminus with a carbonyl group containing 
polymer is achieved. 

The VEGF-2 polypeptides of the invention may be in monomers or multimers 
5 (i.e., dimers, trimers, tetramers and higher multimers). Accordingly, the present 
invention relates to monomers and multirrcrs of the VEGF-2 polypeptides of the 
invention, their preparation, and compositions (preferably, pharmaceutical 
compositions) containing them. In specific embodiments, the polypeptides of the 
invention are monomers, dimers, trimers or tetramers. In additional embodiments, the 
10 multimers of the invention are at least dimers, at least trimers, or at least tetramers. 

Multimers encompassed by the invention may be homomers or heteromers. 
As used herein, the term homomer, refers to a multimer containing only VEGF-2 
polypeptides of the invention (including VEGF-2 fragments, variants, splice variants 
and fusion proteins, as described herein). These homomers may contain VEGF-2 
15 polypeptides having identical or different amino acid sequences. In a specific 
embodiment, a homomer of the invention is a multimer containing only VEGF-2 
polypeptides having an identical amino acid sequence. In another specific 
embodiment, a homomer of the invention is a multimer containing VEGF-2 
polypeptides having different amino acid sequences. In specific embodiments, the 
20 mulumer of the invention is a homodimer (e.g., containing VEGF-2 polypeptides 
having identical or different amino acid sequences) or a homotrimer (e.g., containing 
VEGF-2 polypeptides having identical and/or different amino acid sequences). In 
additional embodiments, the homomeric multimer of the invention is at least a 
homodimer, at least a homotrimer, or at least a homotetramer. 
25 As used herein, the term heteromer refers to a multimer containing one or more 

heterologous polypeptides (i.e., polypeptides of different proteins) in addition to the 
VEGF-2 polypeptides of the invention. In a specific embodiment, the multimer of the 
invention is a heterodimer, a heterotrimer, or a heterotetramer. In additional 
embodiments, the homomeric multimer of the invention is at least a homodimer, at 
30 least a homotrimer, or at least a homotetramer. 

Multimers of the invention may be the result of hydrophobic, hydrophilic 
tonic and/or covalent associations and/or may be indirectly linked, by for example 
liposome formation. Thus, in one embodiment, multimers of the invention, such as.' 
for example, homodimers or homotrimers, are formed when polypeptides of the 
35 invention contact one another in solution. In another embodiment, heteromultimers of 
the invention, such as, for example, heterotrimers or heterotetramers, are formed 
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when polypeptides of the invention contact antibodies to the polypeptides of the 
invention (including antibodies to the heterologous polypeptide sequence in a fusion 
protein of the invention) in solution. In other embodiments, multimers of the 
invention are formed by covalent associations with and/or between the VEGF-2 
polypeptides of the invention. Such covalent associations may involve one or more 
amino acid residues contained in the polypeptide sequence ( e.g., that recited in SEQ 
ID NO:2, or contained in the polypeptide encoded by the deposited clone.) In one 
instance, the covalent associations are cross-linking between cysteine residues located 
within the polypeptide sequences which interact in the native (i.e., naturally occurring) 
polypeptide. In another instance, the covalent associations are the consequence of 
chemical or recombinant manipulation. Alternatively, such covalent associations may 
involve one or more amino acid residues contained in the heterologous polypeptide 
sequence in a VEGF-2 fusion protein. In one example, covalent associations are 
between the heterologous sequence contained in a fusion protein of the invention (see 
e.g., US Patent Number 5,478,925). In a specific example, the covalent associations 
are between the heterologous sequence contained in a VEGF-2-Fc fusion protein of 
the invention (as described herein). In another specific example, covalent associations 
of fusion proteins of the invention are between heterologous polypeptide sequence 
from another TNF family ligand/receptor member that is capable of forming covalently 
associated multimers, such as for example, oseteoprotegerin (see, e.g., International 
Publication No. WO 98/49305, the contents of which are herein incorporated by 
reference in its entirety). 

The multimers of the invention may be generated using chemical techniques 
known in the art. For example, polypeptides desired to be contained in the multimers 
of the invention may be chemically cross-linked using linker molecules and linker 
molecule length optimization techniques known in the art (see, e.g., US Patent 
Number 5,478,925, which is herein incorporated by reference in its entirety). 
Additionally, multimers of the invention may be generated using techniques known in 
the art to form one or more inter-molecule cross-links between the cysteine residues 
located within the sequence of the polypeptides desired to be contained in the multimer 
(see, e.g., US Patent Number 5,478.925. which is herein incorporated by reference 
m its entirety). Further, polypeptides of the invention may be routinely modified by 
the addition of cysteine or biotin to the C terminus or N-terminus of the polypeptide 
and techniques known in the an may be applied to generate multimers containing one 
or more of these modified polypeptides (sec, e.g., US Patent Number 5,478,925, 
which is herein incorporated by reference in its entirety). Additionally, techniques 
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known in the ait may be applied to generate liposomes containing the polypeptide 
components desired to be contained in the multimer of the invention (see, e g US 
Patent Number 5,478,925. which is herein incorporated by reference in its entirety). 
Alternatively, multimers of the invention may be generated using genetic 
5 engineering techniques known in the art In one embodiment, polypeptides contained 
in multimers of the invention are produced recombinantly using fusion protein 
technology described herein or otherwise known in the art (see, e.g., US Patent 
Number 5,478,925, which is herein incorporated by reference in its entirety) In a 
specific embodiment, polynucleotides coding for a homodimer of the invention are 
10 generated by ligating a polynucleotide sequence encoding a polypeptide of the 
invention to a sequence encoding a linker polypeptide and then further to a synthetic 
polynucleotide encoding the translated product of the polypeptide in the reverse 
orientation from the original C-terminus to the N-terrainus (lacking the leader 
sequence) (see, e.g., US Patent Number 5,478,925, which is herein incorporated by 
15 reference » its entirety). In another embodiment, recombinant techniques described 
herein or otherwise known in the art are applied to generate recombinant polypeptides 
of the invention which contain a transmembrane domain (or hyrophobic or signal 
peptide) and which can be incorporated by membrane reconstitution techniques into 
liposomes (see, e.g., US Patent Number 5,478,925, which is herein incorporated by 
20 reference in its entirety). 
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Therapeutic Uses 

The VEGF-2 polypeptide of the present invention is a potent mitogen for 
vascular and lymphatic endothelial cells. As shown in Figures 12 and 13, the VEGF-2 
polypeptide of SEQ ID NO:2, minus the initial 46 amino acids, is a potent mitogen for 
vascular endothelial cells and stimulates their growth and proliferation. The results of 
a Northern blot analysis performed for the VEGF-2 nucleic acid sequence encoding 
this polypeptide wherein 20 mg of RN A from several human tissues were probed with 
P-VEGF-2, illustrates that this protein is actively expressed in the heart and lung 
which is further evidence of mitogenic activity. 

Accordingly, VEGF-2, or biologically active portions thereof, may be 
employed to treat vascular trauma by promoting angiogenesis. For example, to 
stimulate the growth of transplanted tissue where coronary bypass surgery is 
performed. VEGF-2, or biologically active portions thereof, may also be employed to 
promote wound healing, particularly to re-vascularize damaged tissues or stimulate 
collateral blood flow during ischemia and where new capillary angiogenesis is 
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desired. VEGF-2, or biologically active portions thereof, may be employed to treat 
full-thickness wounds such as dermal ulcers, including pressure sores, venous ulcers 
and diabetic ulcers. In addition, VEGF-2. or biologically active portions thereof, may 
be employed to treat full-thickness bums and injuries where a skin graft or flap is used 
to repair such burns and injuries. VEGF-2, or biologically active portions thereof 
may also be employed for use in plastic surgery, for example, for the repair of 
lacerations, burns, or other trauma. In addition, VEGF-2 can be used to promote 
healing of wounds and injuries to the eye as well as to treat eye diseases. 

Along these same lines, VEGF-2, or biologically active portions thereof, may 
also be employed to induce the growth of damaged bone, periodontium or ligament 
tissue. VEGF-2, or biologically active portions thereof, may also be employed for 
regeneraung supporting tissues of the teeth, including cementum and periodontal 
ligament, that have been damaged by, e.g., periodontal disease or trauma. 

Since angiogenesis is important in keeping wounds clean and non-infected 
VEGF-2, or biologically active portions thereof, may be employed in association with 
surgery and following the repair of incisions and cuts. VEGF-2, or biologically active 
portions thereof, may also be employed for the treatment of abdominal wounds where 
there is a high risk of infection. 

VEGF-2. or biologically active portions thereof, may be employed for the 
promotion of endotheUalization in vascular graft surgery. In the case of vascular 
grafts usmg either transplanted or synthetic material, VEGF-2, or biologically active 
portions thereof, can be applied to the surface of the graft or at the junction to promote 
the growth of vascular endothelial cells. VEGF-2. or biologically active portions 
thereof, may also be employed to repair damage of myocardial tissue as a result of 
myocardial infarction. VEGF-2, or biologically active portions thereof, may also be 
employed to repair the cardiac vascular system after ischemia. VEGF-2 or 
b,olog,cally active portions thereof, may also be employed to treat damaged vascular 
tissue as a result of coronary artery disease and peripheral and CNS vascular disease. 

VEGF-2, or biologically active portions thereof, may also be employed to coat 
artificial prostheses or natural organs which are to be transplanted in the body to 
minimize rejection of the transplanted material and to stimulate vascularization of the 
transplanted materials. 

VEGF-2, or biologically active portions thereof, may also be employed for 
vascular tissue repair of injuries resulting from trauma, for example, that occurring 
during arteriosclerosis and required following balloon angioplasty where vascular 
tissues are damaged. 
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VEGF-2. or biologically active portions thereof, may also be used to treat 
peripheral arterial disease. Accordingly, in a further aspect, there is provided a 
process for utilizing VEGF-2 polypeptides to treat peripheral arterial disease 
Preferably, a VEGF-2 polypeptide is administered to an individual for the purpose of 
5 alleviating or treating peripheral arterial disease. Suitable doses, formulations, and 
administration routes are described below. 

VEGF-2, or biologically active portions thereof, may also to promote the 
endothehal function of lymphatic tissues and vessels, such as to treat the loss of 
lymphatic vessels, occlusions of lymphatic vessels, and lymphangiomas. VEGF-2 
10 may also be used to stimulate lymphocyte production. 

VEGF-2, or biologically active portions thereof, may also be used to treat 
hemangioma in newborns. Accordingly, in a further aspect, there is provided a 
process for utilizing VEGF-2 polypeptides to treat hemangioma in newborns. 
Preferably, a VEGF-2 polypeptide is administered to an individual for the purpose of 
15 alleviating or treating hemangioma in newborns. Suitable doses, formulations, and 
administration routes are described below. 

VEGF-2, or biologically active portions thereof, may also be used to prevent 
or treat abnormal retinal development in premature newborns. Accordingly in a 
further aspect, there is provided a process for utilizing VEGF-2 polypeptides to treat 
» abnormal retinal development in premature newborns. Preferably a VEGF-2 
polypeptide is adnunistered to an individual for the purpose of alleviating or treating 
abnormal retinal development in premature newborns. Suitable doses, formulations, 
and administration routes are described below. 

VEGF-2, or biologically active portions thereof, may be used to treat primary 
5 (idiopathic) lymphademas, including Milroy's disease and Lymphedema praecox 
Accordingly, m a further aspect, there is provided a process for utilizing VEGF-2 
polypeptides to treat primary (idiopathic) lymphademas, including Milroy's disease 
and Lymphedema praecox. Preferably, a VEGF-2 polypeptide is administered to an 
mdividual for the purposeof alleviating or treating primary (idiopathic) lymphademas, 
) including Milroy's disease and Lymphedema praecox. VEGF-2 or biologically active 
portions thereof, may also be used to treat edema as well as to effect blood pressure in 
an ammal. Suitable doses, formulations, and administration routes are described 



below. 
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VEGF-2, or biologically active portions thereof, may also be used to treat 
secondary (obstructive) lifetimes including those that result from (I) the removal of 
lymph nodes and vessels, (ii) radiotherapy and surgery in the treatment of cancer, and 
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(w) trauma and infection. Accordingly, in a further aspect, there is provided a 
process for utilizing VEGF-2 polypeptides to treat secondary (obstructive) lifetimes 
mcluding those that result from (I) the removal of lymph nodes and vessels (ii) 
radiotherapy and surgery in the treatment of cancer, and (iii) trauma and infection 
Preferably.aVEGF^polypeptide is administered to an individual for the purpose of 
secondary (obstructive) lifetimes including those that result from (I) the removal of 
lymph nodes and vessels, (ii) radiotherapy and surgery in the treatment of cancer and 
(111) trauma and infection. Suitable doses, formulations, and administration routes are 
described below. 

VEGF-2, or biologically active portions thereof, may also be used to treat 
Kaposi s Sarcoma. Accordingly, in a further aspect, there is provided a process for 
uttirztng VEGF-2 polypeptides to treat Kaposi's Sarcoma. Preferably, a VEGF-2 
polypeptide is administered to an individual for the purpose of alleviating or treating 
Kaposi's Sarcoma. Suitable dose,, formulations, and administration routes are 
described below. 

VEGF-2 antagonists can be used to treat cancer by inhibiting the angiogenesis 
necessary to support cancer and tumor growth. 

Cardiovascular Disorders 

The present inventors have shown that VEGF-2 stimulates the growth of 
vascular endothelial cells, stimulates endothelial cell migration, stimulates 
oogenesis in the CAM assay, decreases blood pressure in spontaneously 
hypertenstve rats, and increases blood flow to ischemic limbs in rabbits 
Accordmgly, VEGF-2 polypeptides or polynucleotides encoding VEGF-2 may be 
used to treat cardiovascular disorders, including peripheral artery disease, such as 
limb ischemia. 

Cardiovascular disorders include cardiovascular abnormalities, such as arterio- 
artenal fistula, arteriovenous fistula, cerebral arteriovenous malformations, congenital 
heart defect,, pulmonary atresia, and Scimitar Syndrome. Congenital heart defects 
include aortic coarctation, cor triatrial, coronar, vessel anomalies, crisscross heart 

^ aitCri ° SUS ' EbStCin ' S Eise ™-ger « 

hypoplastic left heart syndrome, levocardia, tetralogy of fallot, transposition of great 

vessels, double outlet right ventricle, tricuspid atresia, persistent truncus arteriosus 

and heart septal defects, such a, aortopulmonary septa, defect, endocardial cushion 

defects, Lutembacher's Syndrome, trilogy of Fallot, ventricular heart septal defects 
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Cardiovascular disorders also include heart disease, such as arrhythmias, 
carcinoid heart disease, high cardiac output, low cardiac output, cardiac tamponade,' 
endocarditis (including bacterial), heart aneurysm, cardiac arrest, congestive heart 
failure, congestive cardiomyopathy, paroxysmal dyspnea, cardiac edema, heart 
hypertrophy, congestive cardiomyopathy, left ventricular hypertrophy, right 
ventricular hypertrophy, post-infarction heart ropture, ventricular septal rupture, heart 
valve diseases, myocardial diseases, myocardial ischemia, pericardial effusion, 
pericarditis (including constrictive and tuberculous), pneumopericardium, 
postpericardiotomy syndrome, pulmonary heart disease, rheumatic heart disease, 
ventricular dysfunction, hyperemia, cardiovascular pregnancy complications, Scimitar 
Syndrome, cardiovascular syphilis, and cardiovascular tuberculosis. 

Arrhythmias include sinus arrhythmia, atrial fibrillation, atrial flutter, 
bradycardia, extrasystole, Adams-Stokes Syndrome, bundle-branch block, sinoatrial 
block, long QT syndrome, parasystole, Lown-Ganong-Uvine Syndrome, Mahaim- 
type pre-excitation syndrome, Wolff-Parkinson-White syndrome, sick sinus 
syndrome, tachycardias, and ventricular fibrillation. Tachycardias include paroxysmal 
tachycardia, supraventricular tachycardia, accelerated idioventricular rhythm, 
atrioventricular nodal reentry tachycardia, ectopic atrial tachycardia, ectopic junctional 
tachycardia, sinoatrial nodal reentry tachycardia, sinus tachycardia, Torsades de 
Pointes, and ventricular tachycardia 

Heart valve disease include aortic valve insufficiency, aortic valve stenosis, 
hear murmurs, aortic valve prolapse, mitral valve prolapse, tricuspid valve prolapse, 
mitral valve insufficiency, mitral valve stenosis, pulmonary atresia, pulmonary valve 
insufficiency, pulmonary valve stenosis, tricuspid atresia, tricuspid valve 
insufficiency, and tricuspid valve stenosis. 

Myocardial diseases include alcoholic cardiomyopathy, congestive 
cardiomyopathy, hypertrophic cardiomyopathy, aortic subvalvular stenosis, 
pulmonary subvalvular stenosis, restrictive cardiomyopathy, Chagas cardiomyopathy, 
endocardial fibroelastosis, endomyocardial fibrosis, Keams Syndrome, myocardial 
reperfusion injury, and myocarditis. 

Myocardial ischemias include coronary disease, such as angina pectoris, 
coronary aneurysm, coronary arteriosclerosis, coronary thrombosis, coronary 
vasospasm, myocardial infarction and myocardial stunning. 

Cardiovascular diseases also include vascular diseases such as aneurysms 
angiodysplasia, angiomatosis, bacillary angiomatosis, Hippel-Lindau Disease' 
Klippel-Trenaunay-Weber Syndrome. Sturge-Weber Syndrome, angioneurotic 
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edema, aortic diseases. Takayasu's Arteritis, aortitis. Leriche's Syndrome, arterial 
occlusive diseases, arteritis, enarteritis. polyarteritis nodosa, cerebrovascular 
duorders diabetic angiopathies, diabetic retinopathy, embolisms, thrombosis, 
erythrome.alg.a. hemorrhoids, hepatic veno-occlusive disease, hypertension, 
hypotension, ischemia, peripheral vascular diseases, phlebitis, pulmonary veno- 
occtove disease, Raynaud's disease, CREST syndrome, retinal vein ocdusion 
Sc.mitar syndrome, superior vena cava syndrome, telangiectasia, atacia telangiectasia' 
hereditary hemorrhagic telangiectasia, varicocele, varicose veins, varicose ulcer' 
vasculitis, and venous insufficiency. 

Aneurysms include dissecting aneurysms, false aneurysms, infected 
aneurysms ruptured aneurysms, aortic aneurysms, cerebral aneurysm, coronary 
aneurysms, heart aneurysms, and iliac aneurysms. 

Anerial occlusive diseases W arteriosus, toe™,™ claudicatjon , 
«M stenosis, ftbmmuscula^splasias. mesenteric vascular occlusion. Moyamoya 

JZL mav "** ~" 0CC,usl0n - " 

Ccrebrova.™^ disorder include carotid artery diseases, cerebral amyloid 
angtopathy, cerebral aneutysm, ^ ^ ^ ^ 

anenovenous matformation. cerebral ar^ diseases, cerebral embolism and 
camud artery thrombosis, sinus mrombosis, Wallenberg* syndrome. 

^orrh^e. cerebral .nfarction, ^ ^ ^ 

«eal syndrome, penventrtallar leukomalacia. vascular headache, cluster headache 

migraine, and vertebrobasilar insufficiency. 

r^r * symiro,,K ' fa t «**-. - 

fcromoboembohsms. Thrombosis include corona^ thrombosis, hepatic vein 
tombosts retina, vein xclmioIli ^ ^ ^ ^ 

Wallenberg s syndrome, and thrombophlebitis. 

Ischemia includes cerebral ischemia, ischemic colitis, compartment 
syndromes anterior component syndrome, my^ ischemX reperiusion 
-Junes, and peripheral ,imb ischemia. Vasculitis induces aortitis, arteritis. Behcet's 
Syndrome, Churg-Strauss Syndrome, mucocutane™ lymph node syndrome 
ttaomboanguus obmenms. hypersensitivity vasculitis. Schoenfein-Henoch purpura' 
allergtc cutaneous vasculitis, and Wegener's granulomatosis ' 
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VEGF-2 polypeptides or polynucleotides are especially effective for the 
treatment of critical limb ischemia and coronary disease. As shown in Example 18, 
administration of VEGF-2 polynucleotides and polypeptides to an experimentally 
induced ischemia rabbit hindlimb restored blood pressure ratio, blood flow, 
5 angiographic score, and capillary density. 

VEGF-2 polypeptides may be administered using any method known in the 
art, including, but not limited to, direct needle injection at the delivery site, 
intravenous injection, topical administration, catheter infusion, biolistic injectors, 
particle accelerators, gelfoam sponge depots, other commercially available depot 
10 materials, osmotic pumps, oral or suppositorial solid pharmaceutical formulations, 
decanting or topical applications during surgery, aerosol delivery. Such methods are 
known in the an. VEGF-2 polypeptides may be administered as part of a 
pharmaceutical composition, described in more detail below. Methods of delivering 
VEGF-2 polynucleotides are described in more detail below. 

15 

Gene Therapy Methods 

Another aspect of the present invention is to gene therapy methods for treating 
disorders, diseases and conditions. The gene therapy methods relate to the 
introduction of nucleic acid (DNA, RNA and antisense DNA or RNA) sequences into 

20 an animal to achieve expression of the VEGF-2 polypeptide of the present invention. 
This method requires a polynucleotide which codes for a VEGF-2 polypeptide 
operatively linked to a promoter and any other genetic elements necessary for the 
expression of the polypeptide by the target tissue. Such gene therapy and delivery 
techniques are known in the art, see, for example, WO 90/11092, which is herein 

25 incorporated by reference. 

Thus, for example, cells from a patient may be engineered with a 
polynucleotide (DNA or RNA) comprising a promoter operably linked to a VEGF-2 
polynucleotide ex vivo, with the engineered cells then being provided to a patient to be 
treated with the polypeptide. Such methods are well-known in the art. For example, 

30 see Belldegrun, A., et ai, J. NatL Cancer Inst. 85: 207-216 (1993); Ferrantini, M. * 
al. 9 Cancer Research 53: 1107-1112 (1993); FerTantini, M. et ui, J. Immunology 
153: 4604-4615 (1994); Kaido, T., etal. Int. J. Cancer 60: 221-229 (1995); Ogura, 
H., etaL, Cancer Research 50: 5102-5106 (1990); Santodonato, L., et a/., Human 
Gene Therapy 7:1-10 (1996); Santodonato, L., et al. f Gene Therapy 4:1246-1255 

35 (1997); and Zhang, J.-F. et a/., Cancer Gene Therapy 3: 31-38 (1996)), which are 
herein incorporated by reference. In one embodiment, the cells which are engineered 
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are arterial cells. The arterial cells may be reintroduced into the patient through direct 
injection to the artery, the tissues surrounding the artery, or through catheter injection. 

As discussed in more detail below, the VEGF-2 polynucleotide constructs can 
be delivered by any method that delivers injectable materials to the cells of an animal, 
such as, injection into the interstitial space of tissues (heart, muscle, skin, lung, liver, 
and the like). The VEGF-2 polynucleotide constructs may be delivered in a 
pharmaceutically acceptable liquid or aqueous carrier. 

In one embodiment, the VEGF-2 polynucleotide is delivered as a naked 
polynucleotide. The term "naked" polynucleotide, DNA or RNA refers to sequences 
that are free from any delivery vehicle that acts to assist, promote or facilitate entry 
into the cell, including viral sequences, viral particles, liposome formulations, 
lipofectin or precipitating agents and the like. However, the VEGF-2 polynucleotides 
can also be delivered in liposome formulations and lipofectin formulations and the like 
can be prepared by methods well known to those skilled in the art. Such methods are 
described, for example, in U.S. Patent Nos. 5,593,972, 5,589,466, and 5,580,859, 
which are herein incorporated by reference. 

The VEGF-2 polynucleotide vector constructs used in the gene therapy 
method are preferably constructs that will not integrate into the host genome nor will 
they contain sequences that allow for replication. Appropriate vectors include 
pWLNEO, pSV2CAT, pOG44, pXTl and pSG available from Stratagene; pSVK3, 
pBPV, pMSG andpSVL available from Pharmacia; and pEFl/V5, pcDNA3.1, and 
pRc/CMV2 available from Invitrogen. Other suitable vectors will be readily apparent 
to the skilled artisan. 

Any strong promoter known to those skilled in the art can be used for driving 
the expression of VEGF-2 DNA. Suitable promoters include adenoviral promoters, 
such as the adenoviral major late promoter; or heterologous promoters, such as the 
cytomegalovirus (CMV) promoter; the respiratory syncytial virus (RSV) promoter; 
inducible promoters, such as the MMT promoter, the metallothionein promoter, heat 
shock promoters; the albumin promoter; the ApoAI promoter, human globin 
promoters; viral thymidine kinase promoters, such as the Herpes Simplex thymidine 
kinase promoter, retroviral LTRs; the b-actin promoter; and human growth hormone 
promoters. The promoter also may be the native promoter for VEGF-2. 

Unlike other gene therapy techniques, one major advantage of introducing 
naked nucleic acid sequences into target cells is the transitory nature of the 
polynucleotide synthesis in the cells. Studies have shown that non-replicating DNA 
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sequences can be introduced into cells to provide production of the desired 
polypeptide for periods of up to six months. 

The VEGF-2 polynucleotide construct can be delivered to the interstitial space 
of tissues within the an animal, including of muscle, skin, brain, lung, liver, spleen 
bone marrow, thymus, heart, lymph, blood, bone, cartilage, pancreas, kidney, gall 
bladder, stomach, intestine, testis, ovary, uterus, rectum, nervous system, eye, gland 
and connective tissue. Interstitial space of the tissues comprises the intercellular, fluid' 
mucopolysaccharide matrix among the reticular fibers of organ tissues, elastic fibers in 
the walls of vessels or chambers, collagen fibers of fibrous tissues, or that same matrix 
within connective tissue ensheathing muscle cells or in the lacunae of bone It is 
smularly the space occupied by the plasma of the circulation and the lymph fluid of the 
lymphatic channels. Delivery to the interstitial space of muscle tissue is preferred for 
the reasons discussed below. They may be conveniently delivered by injection into the 
tissues comprising these cells. They are preferably delivered to and expressed in 
persistent, non-dividing cells which are differentiated, although delivery and 
expression may be achieved in non-differentiated or less completely differentiated cells 
such as. for example, stem cells of blood or skin fibroblasts. In vivo muscle cells are 
particularly competent in their ability to take up and express polynucleotides 

For the naked acid sequence injection, an effective dosage amount of DNA or 
RNA will be in the range of from about 0.05 mg/kg body weight to about 50 mg/kg 
body weight. Preferably the dosage will be from about 0.005 mg/kg to about 20 mg/kg 
and more preferably from about 0.05 mg/kg to about 5 mg/kg. Of course, as the 
artisan of ordinary skill will appreciate, this dosage will vary according to the tissue site 
of injection. The appropriate and effective dosage of nucleic acid sequence can readily 
be determined by those of ordinary skill in the art and may depend on the condition 
being treated and the route of administration. 

The preferred route of administration is by the parenteral route of injection into 
the mterstitial space of tissues. However, other parenteral routes may also be used 
such as, inhalation of an aerosol formulation particularly for delivery to lungs or' 
bronchial tissues, throat or mucous membranes of the nose. In addition, naked 
VEGF-2 DNA constructs can be delivered to arteries during angioplasty by the 
catheter used in the procedure. 

The naked polynucleotides are delivered by any method known in the art 
mcludmg, but not limited to, direct needle injection at the delivery site, intravenous" 
injection, topical administration, catheter infusion, and so-called "gene guns". These 
delivery methods are known in the art. 
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As is evidenced by Example 18, naked VEGF-2 nucleic acid sequences can be 
administered in vivo results in the successful expression of VEGF-2 polypeptide in 
the femora] arteries of rabbits. 

The constructs may also be delivered with delivery vehicles such as viral 
sequences, viral particles, liposome formulations, lipofectin, precipitating agents, etc. 
Such methods of delivery are known in the art. 

In certain embodiments, the VEGF-2 polynucleotide constructs are complexed 
in a liposome preparation. Liposomal preparations for use in the instant invention 
include cationic (positively charged), anionic (negatively charged) and neutral 
preparations. However, cationic liposomes are particularly preferred because a tight 
charge complex can be formed between the cationic liposome and the polyanionic 
nucleic acid. Cationic liposomes have been shown to mediate intracellular delivery of 
plasmid DNA (Feigner et al, Proc. Natl. Acad. Sci. USA (mi) $4:7413-7416 
which is herein incorporated by reference); mRNA (Malone et al, Proc. Natl Acad. 
Sci. USA (1989) 56:6077-6081, which is herein incorporated by reference); and 
purified transcription factors (Debs etal.,J. Biol. Chem. (1990) 265:10189-10192, 
which is herein incorporated by reference), in functional form. 

Cationic liposomes are readily available. For example 
N[l-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA) liposomes are 
particularly useful and are available under the trademark Lipofectin, from GIBCO 
BRL, Grand Island. N.Y. (See. also. Feigner et al, Proc. Natl Acad. Sci. USA 
(1987) 5*7413-7416, which is herein incorporated by reference). Other commercially 
available liposomes include transferee (DDAB/DOPE) and DOTAP/DOPE 
(Boehringer). 

Other cationic liposomes can be prepared from readily available materials using 
techniques well known in the art. See, e.g. PCT Publication No. WO 90/11092 
(which is herein incorporated by reference) for a description of the synthesis of 
DOTAP (1.2-bis(oleoyloxy)-3-(trimethylammonio)propane) liposomes. Preparation 
of DOTMA liposomes is explained in the literature, see, e.g., P. Feigner et al Proc 
Natl. Acad. Sci. USA 54:7413-7417, which is herein incorporated by reference. 
Similar methods can be used to prepare liposomes from other cationic lipid materials. 

Similarly, anionic and neutral liposomes are readily available, such as from 
Avanti Polar Lipids (Birmingham, Ala.), or can be easily prepared using readily 
available materials. Such materials include phosphatidyl, choline, cholesterol 
phosphatidyl ethanolamine, dioleoylphosphatidyl choline (DOPC) 
dioleoylphosphatidyl glycerol (DOPG). dioleoylphoshatidyl ethanolamine (DOPE)' 
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among others. These materials can also be mixed with the DOTMA and DOTAP 
starting materials in appropriate ratios. Methods for making liposomes using these 
materials are well known in the art. 

For example, commercially diolcoylphosphatidyl choline (DOPC) 
dioleoylphosphatidyl glycerol (DOPG), and dioleoylphosphatidyl ethanolamine 
(DOPE) can be used in various combinations to make conventional liposomes, with or 
without the addition of cholesterol. Thus, for example, DOPG/DOPC vesicles can be 
prepared by drying 50 mg each of DOPG and DOPC under a stream of nitrogen gas 
.nto a sonication vial. The sample is placed under a vacuum pump overnight and is 
hydratedthe following day with deionized water. The sample is then sonicated for 2 
hours in a capped vial, using a Heat Systems model 350 sonicator equipped with an 
inverted cup (bath type) probe at the maximum setting while the bath is circulated at 
15EC. Alternatively, negatively charged vesicles can be prepared without sonication to 
produce multilamellar vesicles or by extrusion through nucleopore membranes to 
produce unilamellar vesicles of discrete size. Other methods are known and available 
to those of skill in the art. 

The liposomes can comprise multilamellar vesicles (MLVs), small unilamellar 
vesicles (SUVs), or large unilamellar vesicles (LUVs), with SUVs being preferred 
The various liposome-nucleic acid complexes are prepared using methods well known 
in the art. See, e.g., Straubinger et al. Methods of Immunology (1983). 
707:512-527, which is herein incorporated by reference. For example, MLVs 
containing nucleic acid can be prepared by depositing a thin film of phospholipid on 
the walls of a glass tube and subsequently hydrating with a solution of the material to 
be encapsulated. SUVs are prepared by extended sonication of MLVs to produce a 
homogeneous population of unilamellar liposomes. The material to be entrapped is 
added to a suspension of preformed MLVs and then sonicated. When using liposomes 
containing cationic lipids, the dried lipid film is resuspended in an appropriate solution 
such as sterile water or an isotonic buffer solution such as 10 mM Tris/NaCl, 
sonicated, and then the preformed liposomes are mixed directly with the DNA The 
liposome and DNA form a very stable complex due to binding of the positively 
charged liposomes to the cationic DNA. SUVs find use with small nucleic acid 
fragments. LUVs are prepared by a number of methods, well known in the art 
Commonly used methods include Ca 2+ -EDTA chelation (Papahadjopoulos et al 
Biochxm. Biophys. Acta (1975) 394:483; Wilson et al. Cell (1979) 77-77)- ether 
injection (Deamer, D. and Bangham, A., Biochim. Biophys. Acta (1976) 443:629- 
Ostro et al., Biochem. Biophys. Res. Commun. (1977) 76:836; Fraley et al, Proc 
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Natl. Acad. Sci. USA (1979) 76:3348); detergent dialysis (Enoch, H. and 
Strittmatter, P., Proc. Natl Acad. Sci. USA (1979) 7(5:145); and reverse-phase 
evaporation (REV) (Fraley etal, J. Biol. Chem. (1980) 255:10431; Szoka, F. and 
Papahadjopoulos, D., Proc. Natl. Acad. Sci. USA (1978) 75:145; Schaefer-Ridder et 
aL, Science (1982) 275:166). which are herein incorporated by reference. 

Generally, the ratio of DNA to liposomes will be from about 10:1 to about 
1:10. Preferably, the ration will be from about 5: 1 to about 1 :5. More preferably, the 
ration will be about 3:1 to about 1:3. Still more preferably, the ratio will be about 1:1. 

U.S. Patent No. 5,676,954 (which is herein incorporated by reference) 
reports on the injection of genetic material, complexed with cationic liposomes 
carriers, into mice. U.S. Patent Nos. 4,897,355, 4,946,787, 5,049.386. 5.459,127, 
5,589,466, 5,693,622, 5.580,859. 5,703,055, and international publication no.' WO 
94/9469 (which are herein incorporated by reference) provide cationic lipids for use in 
transfecting DNA into cells and mammals. U.S. Patent Nos. 5,589,466, 5,693,622, 
5,580,859, 5,703,055, and international publication no. WO 94/9469 (which are 
herein incorporated by reference) provide methods for delivering DNA-cationic lipid 
complexes to mammals. 

In certain embodiments, cells are be engineered, ex vivo or in vivo, using a 
retroviral particle containing RNA which comprises a sequence encoding VEGF-2. 
Retroviruses from which the retroviral plasmid vectors may be derived include, but 
are not limited to, Moloney Murine Leukemia Virus, spleen necrosis virus. Rous 
sarcoma Virus, Harvey Sarcoma Virus, avian leukosis virus, gibbon ape leukemia 
virus, human immunodeficiency virus. Myeloproliferative Sarcoma Virus, and 
mammary tumor virus. 

The retroviral plasmid vector is employed to transduce packaging cell lines to 
form producer cell lines. Examples of packaging cells which may be transfected 
include, but are not limited to, the PE501, PA317, R-2. R-AM, PA 12, T19-14X VT- 
19-17-H2, RCRE, RCRIP, GP+E-86, GP+onvAmU, and DAN cell lines as 
described in MiUer, Human Gene Therapy 1:5-14 (1990), which is incorporated 
herein by reference in its entirety. The vector may transduce the packaging cells 
through any means known in the art. Such means include, but are not limited to. 
electroporation. the use of liposomes, and CaP0 4 precipitation. In one alternative, the 
retroviral plasmid vector may be encapsulated into a liposome, or coupled to a lipid, 
and then administered to a host. 

The producer cell line generates infectious retroviral vector particles which 
include polynucleotide encoding VEGF-2. Such retroviral vector particles then may 
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be employed, to transduce eukaryotic cells, either in vitro or in vivo. The transduced 
eukaryotic cells will express VEGF-2. 

In certain other embodiments, cells are engineered, ex vivo or in vivo, with 
VEGF-2 polynucleotide contained in an adenovirus vector. Adenovirus can be 
manipulated such that it encodes and expresses VEGF-2, and at the same time is 
inactivated in terms of its ability to replicate in a normal lytic viral life cycle. 
Adenovirus expression is achieved without integration of the viral DNA into the host 
cell chromosome, thereby alleviating concerns about insertional mutagenesis. 
Furthermore, adenoviruses have been used as live enteric vaccines for many years 
with an excellent safety profile (Schwartz, A. R. et al. (1974) Am. Rev. Respir. 
D«.709:233-238). Finally, adenovirus mediated gene transfer has been demonstrated 
in a number of instances including transfer of alpha- 1 -antitrypsin and CFTR to the 
lungs of cotton rats (Rosenfeld, M. A. et al. (1991) Science 252:431-434; Rosenfeld 
etal., (1992) Cell 55:143-155). Furthermore, extensive studies to attempt to establish 
adenovirus as a causative agent in human cancer were uniformly negative (Green, M 
etal. (1979) Proc. Natl. Acad. Sci. USA 76:6606). 

Suitable adenoviral vectors useful in the present invention are described, for 
example, in Kozarsky and Wilson, Curr. Opin. Genet. Devel. J:499-503 (1993)- 
Rosenfeld etai, Cell 6&143-155 (1992); Engelhardt etal., Human Genet. Ther. 
4:759-769 (1993); Yang etal., Nature Genet. 7:362-369 (1994); Wilson etal 
Nature 565:691-692 (1993); and U.S. Patent No. 5,652,224, which are herein 
incorporated by reference. For example, the adenovirus vector Ad2 is useful and can 
be grown in human 293 cells. These cells contain the El region of adenovirus and 
constitutively express Ela and Elb, which complement the defective adenoviruses by 
providing the products of the genes deleted from the vector. In addition to Ad2, other 
varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) are also useful in the present 



invention. 



Preferably, the adenoviruses used in the present invention are replication 
deficient. Replication deficient adenoviruses require the aid of a helper virus and/or 
packaging cell line to form infectious particles. The resulting virus is capable of 
infecting cells and can express a polynucleotide of interest which is operably linked to 
a promoter, for example, the HARP promoter of the present invention, but cannot 
replicate in most cells. Replication deficient adenoviruses may be deleted in one or 
more of all or a portion of the following genes: Ela. Elb. E3. E4, E2a, or LI throueh 
35 L5. 6 
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In certain other embodiments, the cells are engineered, ex vivo or in vivo 
using an adeno-associated virus (AAV). AAVs are naturally occurring defective 
viruses that require helper viruses to produce infectious particles (Muzyczka N 
Curr. Topics in Microbiol. Immunol. 158:91 (1992)). It is also one of the few viruses 
that may integrate its DNA into non-dividing cells. Vectors containing as lift as 300 
base pairs of AAV can be packaged and can integrate, but space for exogenous DNA 
is hmited to about 4.5 kb. Methods for producing and using such AAVs are known in 
the art. See, for example, U.S. Patent Nos. 5,139,941, 5,173,414 5 354 678 
5,436,146, 5,474,935, 5,478,745, and 5,589,377. 

For example, an appropriate AAV vector for use in the present invention will 
include all the sequences necessary for DNA replication, encapsidation, and host-cell 
integration. The VEGF-2 polynucleotide construct is inserted into the AAV vector 
using standard cloning methods, such as those found in Sambrook */ al. Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Press (1989). The recombinant 
AAV vector is then transfected into packaging cells which are infected with a helper 
virus, using any standard technique, including lipofection, electrocution, calcium 
phosphate precipitation, etc. Appropriate helper viruses include adenoviruses 
cytomegaloviruses, vaccinia viruses, or herpes viruses. Once the packaging cells are 
transfected and infected, they will produce infectious AAV viral particles which 
contain the VEGF-2 polynucleotide construct. These viral particles are then used to 
transduce eukaryotic cells, either ex vivo or in vivo. The transduced cells will contain 
the VEGF-2 polynucleotide construct integrated into its genome, and will express 

Another method of gene therapy involves operably associating heterologous 
control regions and endogenous polynucleotide sequences (e.g. encoding VEGF-2) 
via homologous recombination (see, e.g., U.S. Patent No. 5,641,670, issued June 
24, 1997; International Publication No. WO 96729411, published September 26 
1996; International Publication No. WO 94/12650, published August 4, 1994- Roller 
etaL Proc. Natl. Acad. Sci. USA 5(5:8932-8935 (1989); and Zijlstra et al. Nature 
542:435-438 (1989). This method involves the activation of a gene which is present in 
the target cells, but which is not normally expressed in the cells, or is expressed at a 
lower level than desired. 

Polynucleotide constructs are made, using standard techniques known in the 
art, which contain the promoter with targeting sequences flanking the promoter 
Suitable promoters are described herein. The targeting sequence is sufficiently 
complementary to an endogenous sequence to permit homologous recombination of 
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the promcto-Brgetag Klfma wjm ^ ^ 

sequence w«l be sufficiently .ear the 5' end of me VEGF-2 desired endogL 

polynucko^de sequence so the prcmoter wil, be operably ]illked „ 

sequence upon homologous recombination. 

i The promoter and the targeting sequences can be amplified using PGR 

Prefenbly. amplified _ ^ ^ J ■ 

-3-*. Preferably, me 3' end of *e firs, targefing science contains the same 
resmcuon eraym e s,te as me 5' end of the amplified promoter and the 5' end of the 
second «rg euri g H ^ ma ^ fc ^ ^ ^ ^ ^ 

na,™. T ^- mtftinl is deUvered to the cells, either as 

naked polynucleotide, or in coupon with hansfecuon-facihtaung agents, such as 
iposomes. vua, sequences, viral panicles, who,, vimses, fipofecL pre«*lg 
ntm etc descnbed in rn^e de^i, above. Ue P prornoter-targeang sequeL « 
* dehvered by any method, included diec, needle mjectta- iotra JJ J 
^ Udn^istratio. catheter infcsion. parti* Craters, etc. The memo* * 
descnbed in more detail below. 

KctJZ^'™^^^™™* ■*» U " b * Homologous 
r*omb,na»o« between .he construct «d * radogenous ^ 

™ endogenous VEOF-2 sequence is pla«d under the control of lhe P promoter . 
The promoter men dnves the expression of the endogenous VEGF-2 sequence 

The polynucleotides encoding VEGF-2 may he administered along with other 
polynuckotideseiK^ingoteajrio™^.^ . c . s ra omer 

ta „„. ... 6 angiongemc proteins. Angiogenic proteins include, 
buta.e no.l.mited to, acidic and basic fibroblast growth factors, VEGF-1, epidermal 
r»* ftctor alpha mi ^ ^ ^ 

1„TT/ I** faCKr - — <** «*V "imulaung factor, 

gnrnmocyte/macrophage cotony stimulating factor, and ntaic oxide synthase 

Preferably, me polynucleotide encoding VEGF-2 contains a secretory signal 
*quence that facilitates secretion of me protein. Typically, te sign, J£^ s 

- ^ expressedlaTor »Z 
5 «d the coding region. The signal sequence ma, be homologous or heterologous 
tottepdynucfcoade of .merest a* may be homologous or heterologous to Ihe cells 

using methods known in the art. 



WO 99/46364 



-75- 



PCT7US99/05021 



*»' ° f "toinianuion of any of the above-described polynuctaaides 
«««. can be us* so ,o„ g as the mode resUts in the „„ J ^ ^ 
~ . . amount sufficient ,o provide a therapeutic effect. This he— An 
needfc „„»,„„, S y St em,c mj ecuon. ^ ^ 

d~T" " 8CK ^ selfoam — — 

(able, o, pUl) J*™™* formulations, and decanting or topical applications 
dunngs^gery. Fore.tample.directinjecuon of naked calcic phospha,e-p«ipiZ 

of "* forciE " 8Me *• ra ,iveK (Kaneda - <"•• ««« 

A preferred method of local adnunistration is by direct injeaion. Preferably a 
Jrcbrnan. mofccule o, .he present mm , m ^ J , ^ ■ 

aWfcred by direct tojecta int0 „ r lKa]lv withjn » ^ 

«« composmon centimeters and preferably. ^ ^ 

Anther mm of Joca, administrate is «o contact , polynucleotide const™, 
of ft. present ,nven,,„„ in or aro^ a ^cal TOUnd . Fo , ™ 
undergo surge,, and the polyr^feodde ^ „ ^ ^ ~ 

Therapeutic compositions useful to SVSIemic aomtaistratk ,„ jnchxfc 

vehcle of the present mventron. Suitable deli™y vehicles fot ^ * 
^^^^^..andsfor^.eve^r: 

aerosol ^^T^^ * ■***«"«»«. delude intravenous injection, 

aercsol oral and percutaneous (topic*) delivery. Intravenous injections can be 
performed ustng methods standad to the ar,. Aerosol delivery can also be perfl^ 
' "Sing methods standard in the an fsec fore.™„l» o -u- *"0 tie penormed 

deliverv c„t Z !l' K """P 0 ™* "«*■ by reference). Oral 

<febv«y can be performed by complexing a polynucleotide cc« of me present 

11 7 ^ °' ^ inClUde « «*«. such 

- those taown „ the ^ ^ dehvoy can * J omci by J£* t 
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polynucleotide construct of the present invention with a lipophilic reagent (e g 
DMSO) that is capable of passing into the skin. 

Determining an effective amount of substance to be delivered can depend upon 
a number of factors including, for example, the chemical structure and biological 
actmty of the substance, the age and weight of the animal, the precise condition 
req/oumg treatment and its severity, and the route of administration. The frequency of 
treatments depends upon a number of factors, such as the amount of polynucleotide 
constructs adrmmstered per dose, as well as the health and history of the subject The 
prectse amount, number of doses, and timing of doses will be determined by the 
attending physician or veterinarian. 

Therapeutic compositions of the present invention can be administered to any 
arumal, preferably to mammals and birds. Preferred mammals include humans, dogs 
cat,, rn.ce. rats, rabbits sheep, cattle, horses and pigs, with humans being particularly' 



Nucleic Acid Utilities 



VEGF-2 nucleic acid sequences and VEGF-2 polypeptides may also be 
employed for in vitro purposes related to scientific research, synthesis of DNA and 
manufacture of DNA vectors, and for the production of diagnostics and therapeutics to 
treat human disease. For example, VEGF-2 may be employed for in vitro culturing of 
vascular endothelial cells, where it is added to the conditional medium in a 
concentration from 10 pg/ml to 10 ng/ml. 

Fragments „f W1 ^ VEGF-2 go* may be ^ n . hyW<tai011 
pn*e for . cDNA ubrar, to isota. other genes which have a high ^ 
«. the gene or stmilar WcJogical activity, ftobes „, .his type generaI1 ^ t * 

ba !e pa 1 «.aUh 0 ugh t h eymay have.g re a M r„ um h.r.fbas=s. The probe may also be 
"sed.o^bfyacDNAc.onec.rres^.oaM length transcnp, and .geno^ 
<*» or clones tha, contain the complete VEGF-2 gene including tegulatory ^ 
m^,^,^^. An exanpleofascreen comprises isolating the 
codmg reg „ n of the VEOF-2 gene by using d* ^ DNA sequence to synthLe 

ota of the gen. of d. present invention m Ked 10 ^ a 

This invention provides methods for identification of VEGF-2 receptors The 
gene encoding the receptor can be identified by numerous methods known to those of 
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skill in the art, for example, ligand panning and FACS sorting (Coligan et al.,Current 
Protocols in l mmun ., 7(2), Chapter 5. (1991)). Preferably, expression cloning is 
employed wherein polyadenylated RNA is prepared from a cell responsive to VEGF- 
2. and a cDNA library created from this RNA is divided into pools and used to 
transfect COS cells or other cells that are not responsive to VEGF-2. Transfected cells 
which are grown on glass slides are exposed to labeled VEGF-2 VEGF-2 can be 
labeled by a Variety of means including iodination or inclusion of a recognition site for 
a site-specific protein kinase. Following fixation and incubation, the slides are 
subjected to autoradiographic analysis. Positive pools are identified and sub-pools are 
prepared and retranslated using an iterative sub-pooling and rescreening process 
eventually yielding a single clone that encodes the putative receptor. 

As an alternative approach for receptor identification, labeled VEGF-2 can be 
photoaffinity linked with cell membrane or extract preparations that express the 
receptormolecule. Cross-linked material is resolved by PAGE and exposed to X-ray 
film. The labeled complex containing VEGF-2 is then excised, resolved into peptide 
fragments, and subjected to protein microsequencing. The amino acid sequence 
obtained from microsequencing would be used to design a set of degenerate 
ohgonucleotide probes to screen a cDNA library to identify the gene encoding the 
putauve receptor. 

VEGF-2 Agonist and Antagonists 

This invention is also related to a method of screening compounds to identify 
those which are VEGF-2 agonists or antagonists. An example of such a method takes 
advantage of the ability of VEGF-2 to significantly stimulate the proliferation of 
human endothelial cells in the presence of the comitogen Con A. Endothelial cells are 
obtained and cultured in 96-well flat-bottomed culture plates (Costar. Cambridge. 
MA) in a reaction mixture supplemented with Con-A (Calbiochem. La Jolla CA) 
Con -A. polypeptides of the present invention and the compound to be screened are 
added. After incubation at 37EC. cultures are pulsed with 1 FCi of '[^thymidine (5 
Ci/mmol; 1 Ci = 37 BGq; NEN) for a sufficient time to incorporate the '[H] and 
harvested onto glass fiber filters (Cambridge Technology, Watertown. MA). Mean 
[HJ-thymidine incorporation (cpm) of triplicate cultures is determined using a liquid 
•scintillation counter (Beckman Instruments, Irvine. CA). Significant ^thymidine 
incorporation, as compared to a control assay where the compound is excluded 
indicates stimulation of endothelial cell proUferation. 
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To assay for antagonists, the assay described above is performed and the 
abihty of the compound to inhibit >[H]thymidine incorporation in the presence of 
VEGF-2 indicates that the compound is an antagonist to VEGF-2. Alternatively 
VEGF-2 antagonists may be detected by combining VEGF-2 and a potential 
antagonist with membrane-bound VEGF-2 receptors or recombinant receptors under 
appropriate conditions for a competitive inhibition assay. VEGF-2 can be labeled 
such as by radioactivity, such that the number of VEGF-2 molecules bound to the 
receptor can determine the effectiveness of the potential antagonist. 

Alternatively, the response of a known second messenger system following 
interaction of VEGF-2 and receptor would be measured and compared in the presence 
or absence of the compound. Such second messenger systems include but are not 
limited to, CAMP guanylate cyclase, ion channels or phosphoinositide hydrolysis In 
another method, a mammalian cell or membrane preparation expressing the VEGF-2 
receptor is incubated with labeled VEGF-2 in the presence of the compound The 
ability of the compound to enhance or block this interaction could then be measured 

Potential VEGF-2 antagonists include an antibody, or in some cases, an 
ohgonucleotide, which bind to the polypeptide and effectively eliminate VEGF-2 
function. Alternatively, a potential antagonist may be a closely related protein which 
binds to VEGF-2 receptors, however, they are inactive forms of the polypeptide and 
thereby prevent the action of VEGF-2. Examples of these antagonists include a 
negative dominant mutant of the VEGF-2 polypeptide, for example, one chain of the 
hetero-dimeric form of VEGF-2 may be dominant and may be mutated such that 
biological activity is not retained. An example of a negative dominant mutant includes 
mincated versions of a dimeric VEGF-2 which is capable of interacting with another 
dimer to form wild type VEGF-2, however, the resulting homo-dimer is inactive and 
fails to exhibit characteristic VEGF activity. 

Another potential VEGF-2 antagonist is an antisense construct prepared using 
antisense technology. Antisense technology can be used to control gene expression 
through tnple-helix formation or antisense DNA or RNA, both of which methods are 
based on binding of a polynucleotide to DNA or RNA. For example, the 5" coding 
portion of the polynucleotide sequence, which encodes for the mature polypeptides of 
the present invention, is used to design an antisense RNA oligonucleotide of from 
about 10 to 40 base pairs in length. A DNA oligonucleotide is designed to be 
complementary to a region of the gene involved in transcription (triple helix -see Lee et 
aL Nucl. Acids Res.6:3073 (1979); Cooney et al. Science 247:456 (1988); and 
Dervan et aL, Science 257:1360 (1991)), thereby preventing transcription and the 



WO 99/46364 



-79- 



PCT/US99/0502I 



production of VEGF-2. The antisense RNA oligonucleotide hybridizes to the mRNA 
in vivo and blocks translation of the mRNA molecule into the VEGF-2 polypeptide 
(Antisense - Okano, J. Neurochem.56:56Q (1991); Oligodeoxynucleotides as 
Antisense Inhibitors of Gene Expression, CRC Press, Boca Raton, FL (1988)). The 
oligonucleotides described above can also be delivered to cells such that the antisense 
RNA or DNA may be expressed in vivo to inhibit production of VEGF-2. 

Potential VEGF-2 antagonists also include small molecules which bind to and 
occupy the active site of the polypeptide thereby making the catalytic site inaccessible 
to substrate such that normal biological activity is prevented. Examples of small 
molecules include but are not limited to small peptides or peptide-like molecules. 

The antagonists may be employed to limit angiogenesis necessary for solid 
tumor metastasis. The identification of VEGF-2 can be used for the generation of 
certain inhibitors of vascular endothelial growth factor. Since angiogenesis and 
neovascularization are essential steps in solid tumor growth, inhibition of angiogenic 
activity of the vascular endothelial growth factor is very useful to prevent the further 
growth, retard, or even regress solid rumors. Although the level of expression of 
VEGF-2 is extremely low in normal tissues including breast, it can be found 
expressed at moderate levels in at least two breast tumor cell lines that are derived 
from malignant tumors. It is, therefore, possible that VEGF-2 is involved in tumor 
angiogenesis and growth. 

Gliomas are also a type of neoplasia which may be treated with the antagonists 
of the present invention. 

The antagonists may also be used to treat chronic inflammation caused by 
increased vascular permeability. In addition to these disorders, the antagonists may 
also be employed to treat retinopathy associated with diabetes, rheumatoid arthritis and 
psoriasis. 

The antagonists may be employed in a composition with a pharmaceutical^ 
acceptable carrier, e.g., as hereinafter described. 

Pharmaceutical compositions 

The VEGF-2 polypeptides, polynucleotides and agonists and antagonists may 
be employed in combination with a suitable pharmaceutical carrier. Such 
compositions comprise a therapeutically effective amount of the polypeptide or agonist 
or antagonist, and a pharmaceutically acceptable carrier or excipient. Such a carrier 
includes but is not limited to saline, buffered saline, dextrose, water, glycerol, 
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e^anol, and combinations thereof. The fomrnlation should suit the mode of 
administration. 

The invention also ptDvid<:s , phanMceaUcaJ ^ „ ^ ^ 
more contains filled with one „ r more of ingrK)ients of ^ 
commons of th. invention. Associated with such container(s) MlelBiceil 
. th. form prescribed by a governmental agency regulating ^ Mxni , use or ^ 
of pharmaceuucals or biological produces. which notice reflect, approval by the 
agency of manufacture, use or sale for huroan administration. In addition, the 
Pharr™. corapositions may be employed in conjuncUon with other taapeuuc 
compounds. ^ 

such * ta T° miC:i COmP ° Si,i0nS -» * admtoisttrcd ta » lenient runner 
such as by the top,cal, intravenous, toaperitoneal. intramuscular, intratumor 
^utaneous. mtranasal or intradermal routes. The pharmaceutical compositions a* 
teM . an amount which is effeive for treating and/or prophylaxis of the 
^.ncrndtcauo, ^m^^^mm^,,,^^^^^^ 
amount of a, leas, about !0 mgfcg body weigh, and in most cases they will be 
adnnmstered in an amount no. in excess of about 8 mg/Kg body weight per day. In 
most cases, the dosage is from about 10 mg*g „ about , mgftg My „ eighl aily , 
takmgmto account the routes of administraUon.symptt.ms, etc. 

The VEOF-2 polypeptides, and agonists or antagonists which are polypeptides 
may also be employ*, in accordance with the present invention b, expression of such 
polypepnde m v,vo. which is often refened to as "gene therapy." described above 

Thus, for example, cells such as bone marrow cells may be engineered with a 
po^ucleoude (DNA or RNA, encoding for the poly^de ex v/vo, the engtael 
cdls at.thenprov.ded to a patiem » be Ueated wiU, fte po^a, Such ^ 
- weU-known m the art For example, may be engmeered by procedures 
known m the an by use of a retroviral partide coning RNA Ling the 
polypeptide of the present invention. 

Similarly, cells may be engineered in v/vo for expression of a polypeptide in 
vtvo forexample, b, procedures known in the art. As known in the art a producer 
t*U for producmg a mrovbal patfcle coning rn a enrodmg , , 
present mvenaon may be administered ,„ a patient for engineering J! I Wvo an 

to W of - p—i mvention by such methods should be apparent „ „L 
stalled . the « from the teachings of the presen, invention. For example the 
express™ vehicle for engineering ceUs may be ote utan a reu.vira, paTc ,= 2 
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example, an adenovirus, which may be used to engineer cells /* vivo after 
combination with a suitable delivery vehicle. 

Retroviruses from which me retroviral plasmid vectors hereinabove mentioned 
may be derived include, bu, are no. limited to. Moloney Murine Leukemia Virus 
spleen necrosis virus, retroviruses such as Rous Sarcoma Virus, Harvey Sarcoma' 
Vmrs, avian leukosis virus, gibbon ape leukemia virus, human immunodeficiency 
virus, atoovrrus. Myeloproliferative Sarcoma Virus, and mammary rumor virus In 

U^Z'- " " ^ ~* " **- *"» M °'^ Murine 

^vectorteludesoneormorepromoters. Suitable promoters which may be 
employed tnclude, bu. are no, limited ,., * retroviral LTR . „, SV40 ^ 

7.980-990 ,,989), or any outer promo«.r «.g., «Huhr promoters such as eukaiyotic 
cellular promote including, but not limited to, the histo„e, pol m, a*i blin 
promoters,. Other vim, prorate which may be employed include, but „ no, 
totted to, adenovirus promoters, thymidine kinase (TK) promoters, and B.9 

skilled in the art from the teachings contained herein. 

The nucleic acid sequence encoding the polypeptide of the present invenuon is 
under the control „f a suitable promoter. Suitable promote which may be employed 
include, but are no, WW t0 , adenoviral promote, such as th. adenoviral maj* late 
promoter, or heterologous promote, such as me cytoregalovirus (CMV) promoter 
fce-piraory syncydal virus (RSV) promos inducible promote, such as 
MJ<rr promoter, * > meullomionei, promoter; he« shock promote; the albumin 
promoter; the ApoAI promoter, human globin promote; viral mymidine kinase 
promote such as the Herpes Simplex thymidine kinase promote* relrovind LTRs 
(mcludmg the modified mroviral LTRs heretaabove described); the b-actin promoter 
•nd human growm hormone promote. The promote, also may be me naive 
promoter which controls the gene encoding the polypeptide. 

The retroviral plasmid vector is employed to transduce packaging cell lines to 
to producer cell lines. Examples of packaging cells which ma, be aansfeoed 
ncludejfct m „ 0 , Hmited », the PB501. PA3I7. y-2. y-AM, PA12. T19-14X. VT- 

^ GP+E " 86 - «W».2. and DAN cell lines as 
described . MUler, Hmm Gen, THerapy , :5 . 14 <1990) , which „ ^ 

taem by reference in its entirery. The vector may transduce the packaging cells 
through any mea* known in the art. Such means include, bu, are not LL to 
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elcctroporation, the use of liposomes, and CaP0 4 precipitation. In one alternative the 
retroviral plasmid vector may be encapsulated into a liposome, or coupled to a lipid 
and then administered to a host. 

The producer cell line generates infectious retroviral vector particles which 
. include the nucleic acid sequence(s) encoding the polypeptides. Such retroviral vector 
parttcles then may be employed, to transduce eukaryotic cells, either *, vitro or /* 
nvo The transduced eukaryotic cells will express the nucleic acid sequence(s) 
encoding the polypeptide. Eukaryotic cells which may be transduced include, but are 
not limited to, embryonic stem cells, embryonic caicinoma cells, as well as 
hematopoietic stem cells, hepatoses, fibroblasts, myoblasts, keratinocytes, 
endothelial cells, and bronchial epithelial cells. 

Diagnostic assays 

This invention is also related to the use of the VEGF-2 gene as part of a 
diagnostic assay for detecting diseases or susceptibility to diseases related to the 
presence of mutations in VEGF-2 nucleic acid sequences. 

In f * duals c ™y™S ™tations m the VEGF-2 gene may be detected at the 
DNA level by a variety of techniques. Nucleic acids for diagnosis may be obtained 
from a paUent's cells, such as from blood, urine, saliva, tissue biopsy and autopsy 
material. The genomic DNA may be used directly for detection or may be amplified 
enzymaucally by using PGR (Saiki et al. Nature 524.163-166 (1986)) prior to 
anaJysi, RNA or cDNA may also be used for the same purpose. As an example. 
PCR pnmers complementary to the nucleic acid encoding VEGF-2 can be used to 
identify and ana.yze VEGF-2 mutation, For example, deletions and insertions can be 
detected by a change in size of the amplified product in comparison to the normal 

^;/^r tati ° nS " * identified by h * bridizin S -PKfied DNA to 
radiolabeled VEGF-2 RNA or alternatively, radiolabeled VEGF-2 antisense DNA 

sequences. Perfectly matched sequences can be distinguished from mismatched 

duplexes by RNase A digestion or by differences in melting temperatures 

Genetic testing based on DNA sequence differences may be achieved by 

detection of alteration in electrophoretic mobility of DNA fragments in gels with or 

without denaturing agents. Small sequence deletions and insertions can be visualized 

by h,gh naso ution gel electrophoresis. DNA fragments of different sequences may be 

distinguished on denaturing formamide gradient gels in which the mobilities of 

different DNA fragment, are retarded in the gel at different positions according to their 
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specific melting or partial melting temperatures (see, e.g., Myers et al. Science 
250.1242(1985)). 

Sequence changes at specific locations may also be revealed by nuclease 
protection assays, such as RNase and SI protection or the chemical cleavage method 
{e.g.. Cotton et al, PNAS, USA 55:4397-4401 (1985)). 

Thus, the detection of a speciiic DNA sequence may be achieved by methods 
such as hybridization, RNase protection, chemical cleavage, direct DNA sequencing 
or the use of restriction enzymes, (e.g.. Restriction Fragment Length Polymorphisms 
(RFLP)) and Southern blotting of genomic DNA. 

In addition to more conventional gel-electrophoresis and DNA sequencing, 
mutations can also be detected by in situ analysis. 

The present invention also relates to a diagnostic assay for detecting altered 
levels of VEGF-2 protein in various tissues since an over-expression of the proteins 
compared to normal control tissue samples may detect the presence of a disease or 
susceptibility to a disease, for example, abnormal cellular differentiation. Assays used 
to detect levels of VEGF-2 protein in a sample derived from a host are well-known to 
those of skill in the art and include radioimmunoassays, competitive-binding assays 
Western Blot analysis, ELISA assays and "sandwich" assay. An ELISA assay 
(Coligan et al., Current Protocols in Immunology 1(2), Chapter 6, (1991)) initially 
comprises preparing an antibody specific to the VEGF-2 antigen, preferably a 
monoclonal antibody. In addition a reporter antibody is prepared against the 
monoclonal antibody. To the reporter antibody is attached a detectable reagent such as 
radioactivity, fluorescence or. in this example, a horseradish peroxidase enzyme A 
sample is removed from a host and incubated on a solid support, e.g. a polystyrene 
dish, that binds the proteins in the sample. Any free protein binding sites on the dish 
are then covered by incubating with a non-specific protein, such as, bovine serum 
albumen. Next, the monoclonal antibody is incubated in the dish during which time 
the monoclonal antibodies attach to any VEGF-2 proteins attached to the polystyrene 
dish. All unbound monoclonal antibody is washed out with buffer. The reporter 
antibody linked to horseradish peroxidase is placed in the dish resulting in binding of 
the reporter antibody to any monoclonal antibody bound to VEGF-2. Unattached 
reporter antibody is then washed out Peroxidase substrates are then added to the dish 
and the amount of color developed in a given time period is a measurement of the 
amount of VEGF-2 protein present in a given volume of patient sample when 
compared against a standard curve. 
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A competition assay may be employed wherein antibodies specific to VEGF-2 
are attached to a solid support. Polypeptides of the present invention are then labeled, 
for example, by radioactivity, and a sample derived from the host are passed over the 
solid support and the amount of label detected, for example by liquid scintillation 
5 chromatography, can be correlated to a quantity of VEGF-2 in the sample. 

A "sandwich" assay is similar to an ELISA assay. In a "sandwich" assay 
VEGF-2 is passed over a solid support and binds to antibody attached to a solid 
support. A second antibody is then bound to the VEGF-2. A third antibody which is 
labeled and specific to the second antibody is then passed over the solid support and 
10 binds to the second antibody and an amount can then be quantified. 

Chromosome identification 

The sequences of the present invention are also valuable for chromosome 
identification. The sequence is specificaUy targeted to and can hybridize with a 
15 particular location on an individual human chromosome. Moreover, there is a current 
need for identifying particular sites on the chromosome. Few chromosome marking 
reagents based on actual sequence data (repeat polymorphism's) are presently 
available for marking chromosomal location. The mapping of DNAs to chromosomes 
according to the present invention is an important first step in correlating those 
20 sequences with genes associated with disease. 

Briefly, sequences can be mapped to chromosomes by preparing PCR primers 
(preferably 15-25 bp) from the cDNA. Computer analysis of the cDNA is used to 
rapidly select primers that do not span more than one exon in the genomic DNA, thus 
complicating the amplification process. These primers are then used for PCR 
25 screening of somatic cell hybrids containing individual human chromosomes. Only 
those hybrids containing the human gene corresponding to the primer will yield an 
amplified fragment. 

PCR mapping of somatic cell hybrids is a rapid procedure for assigning a 
particular DNA to a particular chromosome. Using the present invention with the same 

io oligonucleotide primers, sublocalization can bs achieved with panels of fragments 
from specific chromosomes or pools of large genomic clones in an analogous manner 
Other mapping strategies that can similarly be used to map to its chromosome include 
m situ hybridization, preserving with labeled flow-sorted chromosomes and 
preselection by hybridization to construct chromosome specific-cDNA libraries. 

5 Fluorescence in situ hybridization (FISH) of a cDNA clone to a metaphase 

chromosomal spread can be used to provide a precise chromosomal location in one 
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step. This technique can be used with probes from the cDNA as short as 50 or 60 
base pairs. For a review of this technique, see Verma et ai. Human Chromosomes: a 
Manual of Basic Techniques, Pergamon Press, New York (1988). 

Once a sequence has been mapped to a precise chromosomal location, the 
phys,cal position of the sequence on the chromosome can be correlated with genetic 
map data. Such data are found, for example, in V. McKusick, Mendelian Inheritance 
m Man (available on line through Johns Hopkins University Welch Medical Library) 
The relationship between genes and diseases that have been mapped to the same 
chromosomal region arc then identified through linkage analysis (coinheritance of 
physically adjacent genes). 

Next, it is necessary to determine the differences in the cDNA or genomic 
sequence between affected and unaffected individuals. If a mutation is observed in 
some or all of the affected individuals but not in any normal individuals, then the 
mutation is likely to be the causative agent of the disease. 

With current resolution of physical mapping and genetic mapping techniques, 
a cDNA precisely localized to a chromosomal region associated with the disease could 
be one of between 50 and 500 potential causative genes. (This assumes 1 megabase 
mapping resolution and one gene per 20 kb). 

Comparison of affected and unaffected individuals generally involves first 
lookmg for structural alterations in the chromosomes, such as deletions or 
translocations that are visible from chromosome spreads or detectable using PGR 
based on that cDNA sequence. Ultimately, complete sequencing of genes from several 
mdmduals is required to confirm the presence of a mutation and to distinguish 
mutations from polymorphisms. 

Antisense 

The present invention is further directed to inhibiting VEGF-2 in vivo by the 
use of antisense technology. Antisense technology can be used to control gene 
expression through triple-helix formation or antisense DNA or RNA, both of which 
methods are based on binding of a polynucleotide to DNA or RNA. For example the 
5 coding portion of the mature polynucleotide sequence, which encodes for the 
polypeptide of the present invention, is used to design an antisense RNA 
oligonucleotide of from 10 to 40 base pairs in length. A DNA oligonucleotide is 
designed to be complementary to a region of the gene involved in transcription (triple 

Surjr et aL ' NucL Acids Res - 6:3073 ° 979); c °° ney " ai " s " e ™ 

241*56 (1988); and Dervan et al. Science. 257:1360 (1991), thereby preventing 
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transcription and the production of VEGF-2. The antisense RNA oligonucleotide 
hybridizes to the mRNA in vivo and blocks translation of an mRNA molecule into the 
VEGF-2 (antisense - Okano, /. Neurochem. 56:560 (1991); Oligodeoxynucleotides 
as Antisense Inhibitors of Gene Expression, CRC Press, Boca Raton, FL (1988)). 
5 Alternatively, the oligonucleotides described above can be delivered to cells by 

procedures in the art such that the anti-sense RNA or DNA may be expressed in vivo 
to inhibit production of VEGF-2 in the manner described above. 

Antisense constructs to VEGF-2, therefore, may inhibit the angiogenic activity 
of the VEGF-2 and prevent the further growth or even regress solid tumors, since 
10 ang,ogenes,s and neovascularization are essential steps in solid tumor growth These 
antisense constructs may also be used to treat rheumatoid arthritis, psoriasis, diabetic 
retinopathy and Kaposi's sarcoma which are all characterized by abnormal 
angiogenesis. 

15 Epitope-Bearing Portions 

In another aspect, the invention provides peptides and polypeptides 
comprising epitope-bearing portions of the polypeptides of the present invention. 
These epitopes are immunogenic or antigenic epitopes of the polypeptides of the 
present invention. An "immunogenic epitope" is defined as a part of a protein that 
20 elicits an antibody response in vivo when the whole polypeptide of the present 
mvent.on, or fragment thereof, is the immunogen. On the other hand, a region of a 
polypeptide to which an antibody can bind is defined as an "antigenic determinant" or 
"antigenic epitope." The number of in vivo immunogenic epitopes of a protein 
generally is less than the number of antigenic epitopes. See, e.g., Geysen, et al 
25 (1983) Proc. Natl. Acad. Sci. USA 81:3998-4002. However, antibodies can be 
made to any antigenic epitope, regardless of whether it is an immunogenic epitope, by 
using methods such as phage display. See e.g., Petersen G. et al. (1995) Mol Gen 
Genet. 249:425-431. Therefore, included in the present invention are both 
immunogenic epitopes and antigenic epitopes. 

It is particularly pointed out that the immunogenic epitopes comprises 
predicted critical amino acid residues determined by the Jameson-Wolf analysis 
Thus, additional flanking residues on either the N-terminal. C-terminal, or both N- 
and C-terminal ends may be added to these sequences to generate an epitope-bearing 
polypeptide of the present invention. Therefore, the immunogenic epitopes may 
include additional N-terminal or C-terminal amino acid residues. The additional 
flanking amino acid residues may be contiguous flanking N-terminal and/or C- 
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terminal sequences from the polypeptides of the present invention, heterologous 
polypeptide sequences, or may include both contiguous flanking sequences from the 
polypeptides of the present invention and heterologous polypeptide sequences. 

Polypeptides of the present invention comprising immunogenic or antigenic 

5 epitopes are at least 7 amino acids residues in length. "At least" means that a 
polypeptide of the present invention comprising an immunogenic or antigenic epitope 
may be 7 amino acid residues in length or any integer between 7 amino acids and the 
number of amino acid residues of the full length polypeptides of the invention. 
Preferred polypeptides comprising immunogenic or antigenic epitopes are at least 10, 

10 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acid 
residues in length. However, it is pointed out that each and every integer between 7 
and the number of amino acid residues of the full length polypeptide are included in 
the present invention. 

The immuno and antigenic epitope-bearing fragments may be specified by 

15 either the number of contiguous amino acid residues, as described above, or further 
specified by N-terminal and C-terminal positions of these fragments on the amino acid 
sequence of SEQ ID NO:2. Every combination of a N-terminal and C-terminal 
position that a fragment of. for example, at least 7 or at least 15 contiguous amino acid 
residues in length could occupy on the amino acid sequence of SEQ ID NO:2 is 

20 included in the invention. Again, "at least 7 contiguous amino acid residues in length" 
means 7 amino acid residues in length or any integer between 7 amino acids and the 
number of amino acid residues of the full length polypeptide of the present invention. 
Specifically, each and every integer between 7 and the number of amino acid residues 
of the full length polypeptide are included in the present invention. 

25 Immunogenic and antigenic epitope-bearing polypeptides of the invention are 

useful, for example, to make antibodies which specifically bind the polypeptides of 
the invention, and in immunoassays to detect the polypeptides of the present 
invention. The antibodies are useful, for example, in affinity purification of the 
polypeptides of the present invention. The antibodies may also routinely be used in a 

30 variety of qualitative or quantitative immunoassays, specifically for the polypeptides 
of the present invention using methods known in the art. See, e.g.. Harlow et al.. 
Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press; 2nd Ed. 
1988). 

The epitope-bearing polypeptides of the present invention may be produced by 
35 any conventional means for making polypeptides including synthetic and recombinant 
methods known in the art. For instance, epitope-bearing peptides may be synthesized 
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using known methods of chemical synthesis. For instance. Houghten has described a 
simple method for the synthesis of large numbers of peptides, such as 10-20 mgs of 
248 individual and distinct 13 residue peptides representing single amino acid variants 
of a segment of the HA1 polypeptide, all of which were prepared and characterized 
(by ELISA-type binding studies) in less than four weeks (Houghten R A Proc 
Natl. Acad. Sci. USA 82:5131-5135 (1985)). This "Simultaneous Multiple Peptide 
Synthesis (SMPS)" process is further described in U.S. Patent No 4 631 211 to 
Houghten and coworkers (1986). In this procedure the individual resins 'for the 
solid-phase synthesis of various peptides are contained in separate solvent-permeable 
packets, enabling the optimal use of the many identical repetitive steps involved in 
sohd-phase methods. A completely manual procedure allows 500-1000 or more 
syntheses to be conducted simultaneously (Houghten et al. (1985) Proc. Natl Acad 
Sci. 82:5131-5135 at 5134. 

Epitope-bearing polypeptides of the present invention are used to induce 
antibodies according to methods well known in the art including, but not limited to, in 
vivo immunization, in vitro immunization, and phage display methods. See e g 
Sutcliffe, et al., supra; Wilson, et al., supra, and Bittle, et al. (1985) J. Gen Virol' 
66:2347-2354. If w vivo immunization is used, animals may be immunized with free 
peptide; however, anti-peptide antibody titer may be boosted by coupling of the 
peptide to a macromolecular carrier, such as keyhole limpet hemacyanin (KLH) or 
tetanus toxoid. For instance, peptides containing cysteine residues may be coupled to 
a earner using a linker such as -maleimidobenzoyl- N-hydroxysuccinimide ester 
(MBS), while other peptides may be coupled to carriers using a more general linking 
agent such as glutaraldehyde. Animals such as rabbits, rats and mice are immunized 
with either free or carrier-coupled peptides, for instance, by intraperitoneal and/or 
intradermal injection of emulsions containing about 100 ngs of peptide or carrier 
protein and Freund's adjuvant. Several booster injections may be needed for 
instance, at intervals of about two weeks, to provide a useful titer of anti-peptide 
antibody which can be detected, for example, by ELISA assay using free peptide 
adsorbed to a solid surface. The titer of anti-peptide antibodies in serum from an 
immunized animal may be increased by selection of anti-peptide antibodies, for 
instance, by adsorption to the peptide on a solid support and elulion of the selected 
anubodies according to methods well known in the art. 

As one of skill in the art will appreciate, and discussed above, the polypeptides 
of the present invention comprising an immunogenic or antigenic epitope can be fused 
to heterologous polypeptide sequences. For example, the polypeptides of the present 



WO 99/46364 



-89- 



PCT/US99/05021 



invention may be fused with the constant domain of immunoglobulins (IgA LE 
IgG IgM), or portions thereof (CHI , CH2, CH3, any combination thereof including 
both entire domains and portions thereof) resulting in chimeric polypeptides These 
fusion proteins facilitate purification, and show an increased half-life in vivo This 
has been shown. for chimeric proteins consisting of the first two domains of the 
human CD4-polypeptide and various domains of the constant regions of the heavy or 
light chams of mammalian immunoglobulins. See, e.g., EPA 0,394,827; Traunecker 
et al. (1988) Nature 331:84-86. Fusion proteins that have a disulfide-linked dimeric 
structure due to the IgG portion can also be more efficient in binding and neutralizing 
other molecules than monomelic polypeptides or fragments thereof alone See e R 
Fountoulakis et al. (1995) J. Biochen, 270:3958-3964. Nucleic acids encoding the 
above epitopes can also be recombined with a gene of interest as an epitope tag to aid 
m detection and purification of the expressed polypeptide. 



Antibodies 



rrnv ^ imCaliOD l ° antibodies "* T <* 

<JCR, which specifically bind the polypeptides of the present invention. The 

I^Ar^^" , ^ l,,d * W, (includ ^IgGl, IgG2, I g G3, and 
IgG4), IgA (mcludtng IgAl and IgA2), IgD, IgE, or IgM, and IgY. As used herein 
the term antibody" (Ab) is meant to include whole antibodies, including single-chain 
whole anubodies. and antigen-binding fragments thereof. Most preferably the 
antibodies are human antigen binding antibody fragments of the present invention 
include, but are not limited to, Fab. Fab' and F(ab')2, Fd, single-chain Fvs (scFv) 
single-chain antibodies, disulfide-linked Fvs (sdFv) and fragments comprising either a 
V L or V domarn. The antibodies may be from any animal origin including birds and 
-«»*. Preferably, the antibodies are human, murine, rabbit, goat, guinea pig, 
camel, horse, or chicken. 

Antigen-binding antibody fragments, including single-chain antibodies, may 
compnse the variable region(s) alone or in combination with the entire or partial of the 
following: hinge region. CHI. CH2, and CH3 domains. Also included in the 
invention are any combinations of variable region(s) and hinge region, CHI, CH2 
and CH3 domains. The present invention further includes chimeric, humanized, and 
human monoclonal and polyclonal antibodies which specifically bind the polypeptides 
of the present mvention. The present invention further includes antibodies which are 
anti-idiotypic to the antibodies of the present invention. 
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The antibodies of the present invention may be monospecific, bispecific 
tnspeafic or of greater muluspecificity. Multispecific antibodies may be specific for 
Mferent epitopes of a polypeptide of the present invention or may be specific for both 
a polypeptide of the present invention as well as for heterologous compositions, such 
as a heterologous polypeptide or solid support material. See, e.g., WO 93/17715- WO 
9^2^0 91/00360; WO 92/05793; Tutt, A. et al. (1991) , Immunol. 147^ 
69; US Patents 5.573,920. 4,474,893, 5,601,819, 4.714,681, 4,925,648; Kostelny 
S.A. et al. (1992) J. Immunol. 148:1547-1553. 

Antibodies of the present invention may be described or specified in terms of 

the e pi tope(s) or portions) of a polypeptide of the present invention which are 

recognized or specifically bound by the antibody. The epito P e(s) or polypeptide 

pomonfs) may be specified as described herein. by N-terminal and C-terminal 

positions, by size in contiguous amino acid residues, or listed in the Tables and 

Figure, Antibodies which specifically bind any epitope or polypeptide of the present 
mve nU0 ^ beexc]uded lbn6nt ^ ^ inveMion indudes 

tha specifically bind polypeptides of the present invention, and allows for the 
exclusion of the same. 

^^ofthepresentmvemtamayaUobedescribedorspecifiedtaKrms 
of to cross-reactivhy. Antibodies to, d0 „, „ ind my olher ^ 

homologof the polypeptidesof the present invention a* included. Antibodies tha, do 
no, btnd pdypeptides wU b tess ^ 95%. less to 90%, less to 85%, lras to 
80% less to 75%, less to 70%, less to 65%, less to 60%. less to 55% 
and less to 50% identic (as Catalan using methods known in fc m ^ 
desenbed herein) to a peptide of the presen, invention are included in the 
present mvention. Further included in the preen, invention are antibodies which only 
tad polypeptides encoded by po.ynucleo.ides which hybridize to a polynucleotide of 
presen, invention under stringent hybridization conditions (as described herein) 
Antibodtes of the present invention may also be described or specified to terms of their 
b.ndmg affinity. Prefer™* binding affltafcfc, « ^ with , 
or Kd less to 5X10-M. 10*M, 5X10'M, 10"M, 5X10<M, KrtU, 5XI0*M ia 
'M. 5XIO»M. ,0»M, 5XI0-M. ,0"M, 5X.0"M. 10"M. 5X 0">M 7»<>M 
5X10-"M, 10»M, 5X10»M. and 10"M. 

Antibodies of the present invention have uses tha, include, bu, are no, limited 
to, methods known in <h. art «, purify, detect, and targe, the polypeptides of the 
present .nvention including bom in vto and m Hv0 diagnos , ic Md c 
methods. For example, me antibodies have use in immunoassays for qualhativel, and 



WO 99/46364 



-91- 



PCT/US99/05021 



quantitatively measuring levels of the polypeptides of the present invention in 
b.olog,cal samples. See. e.g., Harlow et al.. ANTIBODIES: A LABORATORY 
MANUAL (Cold Spring Harbor Laboratory Press, 2nd ed. 1988) (incorporated by 
reference in the entirety). 

The antibodies of the present invention may be used either alone or in 
comfcnation with other compositions. The antibodies may further be recombinant* 
fused to a heterologous polypeptide at the N- or C-terminus or chemically conjugated 
Oncludmg covalently and non-covalently conjugations) to polypeptides or other 
composes. For example, antibodies of the present invention may be recombinant* 
fused or conjugated to molecules useful as labels in detection assays and effector 
molecules such as heterologous polypeptides, drugs, or toxins. See, e . WO 
92/08495; WO 91/14438; WO 89/12624; US Patent 5,314,995; and EP 0 396 387 
The antibodies of the present invention may be prepared by any suitable method 
known ,n the art. For example, a polypeptide of the prese nt invention or an antigenic 
fragment thereof can be administered to an animal in order to induce the production of 
sera containing polyclonal antibodies. Monoclonal antibodies can be prepared using a 
w,de of techniques known in the art including the use of hybndoma and recombinant 
technology. See, e.g., Harlow et al., ANTIBODIES: A LABORATORY MANUAL 
(Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling et al in- 
MONOCLONAL ANTIBODIES AND T-CELL HYBRIDOMAS 56 3-681 « 
N Y 1981) (said references incorporated by reference in their entireties). Fab and 
F(ab )2 fragments may be produced by proteolytic cleavage, using enzymes such as 
papam (to produce Fab fragments) or pepsin (to produce F(ab')2 fragments) 

Alternatively, antibodies of the present invention can be produced through the 
apphcauon of recombinant DNA technology or through synthetic chemistry using 
methods known in the art. For example, the antibodies of the present invention can be 
prepared using various phage display methods known in the art. In phage display 
methods, functional antibody domains are displayed on the surface of a phage particle 
whKh carries polynucleotide sequences encoding them. Phage with a desired binding 
property are selected from a repertoire or combinatorial antibody library (e . g . human 
or munne) by selecting directly with antigen, typically antigen bound or captured to a 
sohd surface or bead. Phage used in these methods are typically filamentous phage 
.ncludmg fd and M13 with Fab, Fv or disulfide stabilized Fv antibody domains 
recombmantly fused to either the phage gene III or gene VIII protein. Examples of 
Phage d lSp lay methods that can be used to make the antibodies of the present invention 
mclude those disclosed in Brinkman U. et al. (1995) J. Immunol. Methods 182 41- 
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50; Ames, R.S. et al. (,995) J. Immunol. Methods 184:177-186; Ke.tleborough 
CA. et al. (1994) Eur. J. Immuno,. 24:952-958; Persic. L. et al. (1997) Gene 187 9- 
18; Burton, D.R. et al. (1994) Advances in Immunology 57-191-280- 
PCT/GB91/01 134; WO 90/02809; WO 91/10737; WO 92/0,047; WO 92/18619- WO 
93/11236; WO 95/15982; WO 95/20401; and US Patents 5,698,426 5 ^23 409 
5,403,484, 5,580,717, 5,427,908, 5,750,753, 5,821,047, 5,571,698 5 427 908 
5 516,637, 5,780,225. 5,658.727 and 5,733.743 (said referenced ^o^ y 
reference in their entireties). 

As described in the above references, after phage selection, the antibody 
codmgregions from the phage can be isolated and used to generate whole antibodies 
mcluding human antibodies, or any other desired antigen binding fragment, and 
expressed ln any desired host including mammalian cells, insect cells, plant cells 
yeast and bacteria. For example, techniques to recombinant* produce Fab. Fab' and 
F(ab )2 fragments can also be employed using methods known in the art such as those 

in ; wo r 2324: Mumnax> rl - « * (i " 2) ^ 

IZ'Z Z: \ h" t (1995) ^ 34:26 - 34: Be » er - M - « * (1988) Science 
240. ,041 -1043 (said references incorporated by reference in their entireties) 

Examples of techniques which can be used to produce single-chain Fvs and 

T^^^*^™*^*^™ and5 ' 2 ^.498; Huston 
et al. (1991) Methods in Enzymology 203:46-88; Shu, L. et al (1993) PNAS 
90:7995-7999; and Skerra, A. et al. (1988) Science 240:1038-1040. For some uses 
mc uding ,„ v/vo use of antibodies in humans and in Vara detection assays, it may be' 
preferable to use chimeric, humanized, or human antibodies. Methods for producing 
chimeric antibodies are known in the art c- w • 
no „, vn . f , D . 7 m - See e 8 > Morrison, Science 229:1202 

0985) Oi et al., BtoTechniques 4:214 (1986); Gillies, S.D. e, al. (1989) J. Immunol 

Methods 125:191-202; and US Patent 5 807 7 is a >u a- ! 

ratent 5 ' 807 '715. Antibodies can be humanized 
using a variety of techniques including CDR-grafting (EP 0 239 400; WO 91/09967- 

I 9 T»T ,101 1 ^ 5 ' 585 * 089) ' Veneering ° r ™ 0 592 106; EP 0 
C I , ^ E ' A - 0990 M ° leCU,ar IinmUn0l0gy 28(4/5):489-498; Studnicka 
G.M. et al. (1994) Protein Engineering 7(6):805-814; Roguska M A et al (1994, 
PNAS 91:969-973), and chain shuffling (US Patent S, 56 ^ 2) . Human antZ! 
can be made by a varicty Qf ^ ^ ^ ^ 

methods described above. See also, US Patents 4,444,887, 4,716,111 5 545 8^6 
e« 318; ^ W ° 98M6645 ^ rcferenCeS * 



WO 99/46364 



-93- 



PCT/US99/05021 



15 



20 



25 



30 



35 



Funher mcluded in the present invention are antibodies recombinant* fused or 
he^ally ^ conjugated (including both c^ ^ non . .J 
olypepude of the present invention. The antibody may be specific f or antigens 
o er than polypep des of the present invention. For example, antibodies may be 

Xies VlW ' t OT COnjU8aUng * P ° ,yPeptideS ° f thC I— — to 

anhbod.es specie for particular cell surface receptors. Antibodies fused or 

conjugated to the polypeptides of the present invention may also be used in in vit ro 
immunoassays and purification methods using methods known in the art See e g 
' Harbor et al. supra and WO 93/21232; EP 0 439 095; Naramura, M. et al (»£>' 
Immunol. Lett. 39:91-99; US Patent 5 474 98 1- r«m« e ^ 
89-1498 mt>. u ii u n , ' llheS> S0 et aL < 1992 ) PN AS 

89.1428-1432 Fell, H.P. et al. (1991) J. Immunol. 146:2446-2452 (said references 
incorporated by reference in their entireties). reierences 

The present invention further include* mm™-;,- 
, mciuaes compositions comprising the 

o the present inraition ^ or OTjugaBd K ^ 

tame viable regtons. Forc^ftepcype^,,^ presm ^ 
be fused or conjugal ,o an antibody Fc reg i„„, or ^ , hereof . The * 
pomon fused .^polypeptide of ft. present tavenuon may ^ J 

CH, domain, CH2 domain, and CH3 domain or any combination „f .J JLta' 
or pontons .hereof. The polypeptides of the present i„ve„,ion ma, be fused " 
conjugafcd •» above antibody portions ,„ increase fte /„ w» half life of fte 
po ypepudes or for use in immunoassays using meftods known „ fte M ^ 

multime*. For example. Fe portions feed ,„ a. „ f ^ 

™ can form dime* ftrough disuHide bonding betwL ft e Fc ^ 

«> I MJ Methods forfusmgorconjugating the poiypeptides of ft, presen, invent 
.o antibody portions are known in fte an. See e.g., US Pattms 5 336 603 
»2 2 .020. 5.350,046, 5,340.053. 5,447,85,, 5,., 2 ,946 B 0 30^434 VOX a 
m WO 9^3SB. WO 91/06570; Ashkena* A. e, al. (,»,, rZZ* . 
10539. Zheng. X.X. et al. (1995) J. Immunol. 154:5590.5600- and Vil H et al 

ZLT 89 "" 337 "" 341 ^ in^ 

^ '0 antibodies which act as agonists or antagonists 
of the polypeptides of the present invention For examnle !L , • 

includes antibodies which disrun. ,v „ P '" Ve " 00n 

wnicn dtsmpt the receptor/Iigand interactions with the 
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polypeptide, of me invention either partially „ r fuIly . hcluded m ^ 

specie Mimics and ligand-specific antibodies. Muded a* receptor-specific 

anubod.es wh,ch do no, prevent ligand binding bu, prevent receptor acUvadon 

Receptor acvauon (i.e., signaling) may be denned by techniques described herein 

o, othenv.se known in the an. ^ inclode m 

bo, prevent hgar.d bi n ding ^ ^ 

neutnta,g anubodies „hi ch bind te n^ Md pmm ^ ^ 

receptor, as well as antibodies which bind the ligand. thereby prevents receptor 

=ta do no, preven, the ligand fronl bindins fc ^ ^ 

are annbcd.es wtach activate ,1* receptor. These antibodies may ac, as agonists for 

The anubod-e, may be specified as agonists or antagonists for biologL 
^v.t.escompnsmgspe.if.cacdvides disclosed herein. The above antibody agols 

5,811.097. Deng. B . « „, (I998) B|00d o^g,., 

c™. 58C16,:366 8 -3678; Harrop. , A . et A (1998) , Immunol . M « 

794; Zhu, Z. e. a.. (1998) Career Res. 58(15) : 3209-3214; Yoon, D Y e, a fI998> 

ground. ,60<7 ): 3,70-3179; Pra,, M. e. al. „„ 8) , CeU . Sc ,' > 

r tamUM '- Mata * 2< ™-"0> U— . J. « al' 

272<I7).11295-1I301; Taryman, R.E. e, al. (1995) Nenron 14(4):755-762- MuUe, 

8( 1). 14-20 (sard references .ncorporattd by reference in their entireties) 
Andbodies ma, further be used in an immunoassay ajatalSx 

rnrnors ™ .ndividuals. Enzyme irr_ a y ^ p-bmd J ^ 

of an md.^. E1 e V1 ,ed levels of VEGF-2 can be considered diagnosdc of 



Truncated versions of VEGF-2 can also be produced tta, are capable of 

ZT* T '** **** 10 f0rm « te * » ^lial cel, 
growth, uVrefore .nacuvatag me endogenous VEGF-2. Or, muun, forms of VEGF- 

JZtT ~ W U8a " d bM "« *"* * *• TO- 

O-rosmc tanas, receprors „„ te targe, cell surface, bu, fail ,o acdvafc cell grcwth 

emnlovrrr^ T*" '° "* ° f ,he l»" »»-*» may be 

normally bmds The antagon.su ^ to cl()Kl ^ 

~»» and bind to the receptor sites of the M pr01ein , ^ J ^ 
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macdve forms of the natural protein and .hereby prevent the acdon of VEGF-2 since 
receptor sues are copied. .„ these ways, ,„e acdon of Ore VEGF-2 is prevented and 
■he antagontstAnhtbttors may be used therapeudcaUy as an and-tumor dn» by 
occupy.ng fc ^ ^ of tumKS ^ ^ • 

S tnacuvadng VEOF-2 M . The antagonist/inhfcito* may also oe used to preve^ 
tnflammauon due to «. increased vascular permeability action of VEGF-2 The 
antagonistfinhibitors may also be used to treat solid ,„mor growth diabeuc 
rednopathy, psoriasis and rheumatoid arthritis. 

TlK . may be employed in a composition with a 

10 ptermaceuucally acceptable carrier. *.«., as hereinabove described 

examo,!"?"*"' " Ve ° ,i0n *"'" ^ » "■» 

such exiles. All par* or amounts, unless otherwise specified, a* by weight 

In order to facilitate understanding of the following examples certain 
5 frequently occurring methods and/or terms will be described 

capita. ZT! T " d ? igMed ^ ' l0Wr P -** ^ 

cap«al letters and/or numbers. The starting plasmids herein are either commercially 

avatlable ptasmtds ,n accord with published procedures. In addition equivalent 

irr .-.is; 

■Digesdon" of DNA refers to catalyuc cleavage of the DNA with a restriction 
IZestd" ^ " ^ * ™* various re^c 

ZZZ T rc,UmmentS — «-* - «»« b. known to the ordinarily 
sktlled arttsan. J 

» »d wtd, about 2 units of enzyme in about 20 Fl of buffer solution Tte 
^rposeo ^gDNAfragmenufc.ptemidconsmtction.typicallyS, SOmgtf 
blrs TT W,th 20 '° ^ "'" ^ enzyme in a larger volume. Appro p„a, 
buffer and subsuate amounts for particular restriction enzymes are speciW by the 
nWacturer. Incubation Umes of about 1 hourat37EC Ke 

Sue separadon of the cleaved fragments is performed using 8 percen, 
^lamtde ge, described b, Goeddel, D. . NucUic ^ ^ 
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Ohgonucleotides" refer ,o either a single stranded polynucleotide or two 
complementary polynucleotide strands, which may te chemical| 2ed 
Such syntheuc obgonucleotides have no 5' phosphate and thus will no, ligate ,„ 
anotherohgonucleodde without adding a phosphate „,,„ an ATP in the presence 0 f a 

IT fc 7 ° ,iS<, ° UcleMide %» » a fragment that has no, been 
dephosphorylated. 

" U 8^°"" Kf «'°'»'processoffc™„gph OS ph c<ii e SK rb„ ndstewM:i)llvo 
double stranded nucleic acid fragment* (Sambrook * a,.. Mokailar Cloning: A 
«4 Second Edidon, Co!d Spring Harbor Laboratory. Cold Spring 
> Harbor N.Y. (,989). p. ,4o,. Ua.ess otherwise provided, £*, ma Z 
accomplKhed using known buffers M d condidons with 10 un its „f T4 DNA ^ 

L 5TJ ^ af>Pr0XimaEly K ' uteKto — »f «* DNA fragments to 

m„h ^"^^ SU,Cd - ^formadon was performed as described by the 
method of Graham, F.and VanderEb, A., Virobg, 52:456-457 (1973). 



Exam ple 



Example 1 

E*pre S!i on P«,ern of VEGFJin Hu^„ Tissues and Bnas , ^ 

VEGF-amhumanUss^sa^b^tcancercellteinhuman tissues. TotalceUular 
RNA samples were isolaW with RNAzol» B system (Bioteex Laboratories, Inc.) 
Ah™.n rngo^RNAisola.df.meachbreas, Ussue andceU line specified was 
« on 1% agarose gel and blohed onto a „yl„„ fllttr , (Sambro* , „ 

L^nuory. Co,d Spring Harbor. N.V. (19S9), The labelmg reacdon was to 
-ordmgtotheS^eneWme-Itki, withSOngDNA fragment. The labeied DNA 
^punf,edw,thaSe,ec, G .50col U m„f ro m5 M me + 3 ftime, .nc (Bou,de, CO) 

1.000,000epm/ml m 0.5 M NaP0 4 a* 7 % SDS overnight a. 65'C. After hashing 
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twice at room temperature and twice at 60°C with 0.5 X SSC, 0.1 % SDS, the filters 
were then exposed at -70°C overnight with an intensifying screen. A message of 1 .6 
Kd was observed in 2 breast cancer cell lines. Figure 5, lane #4 represents a very 
tumorigenic cell line that is estrogen independent for growth. 

Also, 10 mg of total RNA from 10 human adult tissues were separated on an 
agarose gel and blotted onto a nylon filter. The filter was then hybridized with 
radioactively labeled VEGF-2 probe in 7% SDS, 0.5 M NaP04, pH 7.2; 1% BSA 
overnight at 65°C. Following washing in 0.2 X SSC at 65°C, the filter was exposed 
to film for 24 days at -70°C with intensifying screen. See Figure 6. 



Example 2 

Expression of the Truncated Form of VEGF-2 (SEQ ID NO:4) by in 
vitro Transcription and Translation 

The VEGF-2 cDNA was transcribed and translated in vitro to determine the 
size of the translatable polypeptide encoded by the truncated form of VEGF-2 and a 
partial VEGF-2 cDNA. The two inserts of VEGF-2 in the pBluescript SK vector 
were amplified by PCR with three pairs of primers, 1) M13-reverse and forward 
primers; 2) M13-reverse primer and VEGF primer F4; and 3) M13-reverse primer and 
VEGF primer F5. The sequence of these primers are as follows. 

M13-2 reverse primer: 5'-ATGCTTCCGGCTCGTATG-3' (SEQ ID NO:9) 
This sequence is located upstream of the 5' end of the VEGF-2 cDNA insert in the 
pBluescript vector and is in an anti-sense orientation as the cDNA. A T3 promoter 
sequence is located between this primer and the VEGF-2 cDNA. 
M13-2 forward primer: 5'GGGTTTTCCCAGTCACGAC-3' (SEQ ID NO: 10) 
This sequence is located downstream of the 3' end of the VEGF-2 cDNA insert in the 
pBluescript vector and is in an anti-sense orientation as the cDNA insert. 
VEGF primer F4: 5'-CCACATGGTTCAGGAAAGACA-3' (SEQ ID NO: 1 1 ) 
This sequence is located within the VEGF-2 cDNA in an anti-sense orientation from 
bp 1259-1239, which is about 169 bp away from the 3' end of the stop codon and 
about 266 bp before the last nucleotide of the cDNA. 

PCR reaction with all three pairs of primers produce amplified products with 
T3 promoter sequence in front of the cDNA insert. The first and third pairs of primers 
produce PCR products that encode the polypeptide of VEGF-2 shown in SEQ ID 
NO:4. The second pair of primers produce PCR product that misses 36 amino acids 
coding sequence at the C-terminus of the VEGF-2 polypeptide. 
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Approximately 0.5 mg of PCR product from first pair of primers, 1 mg from 
second pa,r of primers, 1 mg from third pair of primers were used for in vitro 
transcnption/translation. The in vitro transcription/translation reaction was performed 
m a 25 Fl of volume, using the T N TJ Coupled Reticulocyte Lysate Systems (Promega 
> CAT* L4950). Specifically, the reaction contains 12.5 Fl of T N T rabbit reticulocyte 
lysate 2 Fl of T N T reaction buffer, 1 Fl of T3 polymerase, 1 Fl of 1 mM amino acid 
mixture (m.nus methionine), 4 Fl of "S-rnethionine (>1000 Ci/mmol, 10 mCi/ml) 1 
Fl of 40 U4U; RNasin ribonuclease inhibitor, 0.5 or 1 mg of PCR products 
Nuclcase-free H 2 0 was added to bring the volume to 25 Fl. The reaction was 
.0 incubated at 30°C for 2 hours. Five microliters of the reaction product was analyzed 
on a 4-20% gradient SDS-PAGE gel. After fixing in 25% isopropanol and 10% acetic 
acid, the gel was dried and exposed to an X-ray film overnight at 70°C. 

As shown in Figure 7, PCR products containing the truncated VEGF-2 cDNA 
{i.e., as depicted in SEQ ID NO:3) and the cDNA missing 266 bp in the 3' un- 
15 translated region (3'-UTR) produced the same length of translated products whose 
molecular weights are estimated to be 38-40 dk (lanes 1 and 3). The cDNA missing 
all the 3'UTR and missing sequence encoding the C-terminal 36 amino acids was 
translated into a polypeptide with an estimated molecular weight of 36-38 kd (lane 2). 

20 m ■ v r. Example 3 

Cloning and Expression of VEGF-2 Using the Baculovirus Expression 

System 

The DNA sequence encoding the VEGF-2 protein without 46 amino acids at 
25 the N-terminus, see ATCC No. 97149, was amplified using PCR oligonucleotide 
pnmers corresponding to the 5' and 3' sequences of the gene: 

The 5' primer has the sequence TGT AAT ACG ACT CAC TAT AGG GAT 
CCC GCC ATG GAG GCC ACG GCT TAT GC (SEQ ID NO:12) and contains a 
BamHl restriction enzyme site (in bold) and 17 nucleotide sequence complementary to 
30 the 5' sequence of VEGF-2 (nt. 1 50- 1 66). 

The 3' primer has the sequence GATC TCT AGA TTA GCT CAT TTG 
TGG TCT (SEQ ID NO:13) and contains the cleavage site for the restriction enzyme 
Xbal and 18 nucleotides complementary to the 3' sequence of VEGF-2, including the 
stop codon and 15 nt sequence before stop codon. 
35 The amplified sequences were isolated from a 1% agarose gel using a 

commercially available kit ("Genevan," BIO 101, Inc., La Jolla, CA). The fragment 
was then digested with the endonuclease BamHl and Xbal and then purified again on 
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30 



35 



a 1% agarose gel. This fragment was ligated to P AcGP67A baculovims transfer 
vector (Pharmingen) at the BamHl and Xbal sites. Through this ligation. VEGF-2 
cDNA was cloned in frame with the signal sequence of baculovirus g P 67 gene and 
was located at the 3' end of the signal sequence in the vector. This is designated 
pAcGP67A-VEGF-2. 

To clone VHGF-2 with the signal sequence of g P 67 gene to the pRGl vector 
for expression, VEGF-2 with the signal sequence and some upstream sequence were 
excised from the P AcGP67A-VEGF-2 plasmid at the Xho restriction endonuclease site 
located upstream of the VEGF-2 cDNA and at the Xbal restriction endonuclease site 
by Xhol and Xbal restriction enzyme. This fragment was separated from the rest of 
vector on a 1% agarose gel and was purified using "Geneclean" kit. It was designated 
F2. 

The PRGl vector (modification of pVL941 vector) is used for the expression 
of the VEGF-2 protein using the baculovirus expression system (for review see- 
Summers, M.D. and Smith, G.E., "A Manual of Methods for Baculovirus Vectors 
and Insect Cell Culture Procedures.' 'Texas Agricultural Experimental Station Bulletin 
No. 1555, (1987)). This expression vector contains the strong polyhedrin promoter 
of the Autographa califomica nuclear polyhedrosis virus (AcMNPV) followed by the 
recognition sites for the restriction endonucleases BamHl, Smal, Xbal, BglH and 
Asp718. A site for restriction endonuclease Xhol is located upstream of BamHl site 
The sequence between Xhol and BamHl is the same as that in PAcGp67A (static on 
tape) vector. The polyadenylation site of the simian virus (SV)40 is used for efficient 
polyadenylation. For an easy selection of recombinant virus the beta-galactosidase 
gene from E. coli is inserted in the same orientation as the polyhedrin promoter 
followed by the polyadenylation signal of the polyhedrin gene. The polyhedrin 
fences are flanked at both sides by viral sequences for the ceU-mediated 
homologous recombination of cotransfected wild-type viral DNA. Many other 
baculovirus vectors could be used in place of pRGl such as P Ac373, P VL941 and 
pAcIMl (Luckow, V.A. and Summers, M.D., Virology 770:31-39 (1989) 

The plasmid was digested with the restriction enzymes Xbol and Xbal and 
then dephosphorylated using calf intestinal phosphatase by procedures known in the 
art The DNA was then isolated from a 1% agarose gel using the commercially 
avatlable kit ("Geneclean" BIO 101 Inc., La Jolla, Ca.). This vector DNA is 
designated V2. 

Fragment F2 and the dephosphorylated plasmid V2 were ligated with T4 DNA 
ligase. E. coli HB101 cells were then transformed and bacteria identified that 
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30 



35 



contained the plasmid (pBac gp67.VEGF-2) wi,h the VEGF-2 gene usinit the 
enzymes BamHI and Xbal. The secuence of ,h. ,i a, 8 
DNA sequencing. ^ °' "* ^ fn,8n> ™ was "y 

ZT ' ***** baCUl °™ S ( " BaC " ,0O ° k " b -'°v iTO 
Prjarrningen, San Diego, CA.) using the lipofeciin method (Feigner el ul Proc N a i 
Acad. Sci. USA 4V:7413-7417 (1987)). 

img of BacuIoGoldJ virus DNA and 5 mg of the plasmid pB ac gp67.VEOF-2 
mued .„ a steHle wen of a mister pfce containing „,, f ™ 
1 Grace s medium (Life Technologies Inc.. Gaithersburg, MD) Afterward, To 
Lipofccun plus ,0 m, Grace, medium were ^ mixed and^^ " 

^n^e^fecdonmi^rewas addeTTpwl 
^msectcelMATOCCRL ,7,,, seeded in a 35 mm tissue cutare pj Z l 

T ^ W " h °'" ^ ^V**™™™ and forth to mj fc 

newly added soiution. Tne plae was Abated for 5 hours at 27°C aL 
^.heuansfectionsomuon was remove, fromtheplate and 1 ml of GrLt ec 
^umsuppiemented with mfe*, calf senim was added. piate was pTbl 
.ntoanmcuba,orandcultivatio„conU„ueda.27-Cf OT fourday s 

Ate four days the supernatant w« collect and a plaque assay performed 

wth Blue or (Life Technologies .»c. Gaithersburg, w* u«d which^ws t 
«,,„„ orb.uestaine.p.aques. (A detailed descripuon of a -plaque ^ 2 
aUo befound m me use* guide for insect cell culture a™, baculov^y dJbutrf 
by Life Technologies Inc.. Gaithersburg, page 9-10) 

Four days after to serial dilution, the vims was added ,„ the cells blue 
^PN«we rcp ic k e d wi Ulm = d p l) f MEppend0 agar^l 
» viruses was men .suspended in an EppeLf W be 

n" of Grace's medium. The aga, was temoved by a brief centrifugal 22 
«t contafam, „ ^s^ 
seeded ,„ 35 mmdishes. Four days later the supernatant, of these cijTile! wel 
harvested and then stored at 4°C. 

ioaoiva^ra? r 7™ toGraCC ' S «*» »% heat. 

™va«d FBS. The cells were mf^ with me recombinant baculovirus v«67- 

^GMal amu^M^ofinfecUoncMODof I. Six hours laKr me mediun 

and replaced with SF900 n medium minus memionine and cysteine (L^ 
Technologies Inc., Gaithersburg). 42 hou* , attr 5 mCi of > Woni!" 
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35 S cysteine (Amersham) were added. The cells were further incubated for 16 hours 
before they were harvested by centrifugation and the labelled proteins visualized by 
SDS-PAGE and autoradiography. 

Protein from the medium and cytoplasm of the Sf9 cells was analyzed by 
SDS-PAGE under non-reducing and reducing conditions. See Figures 8A and 8B, 
respectively. The medium was dialyzed against 50 mM MES, pH 5.8. Precpitates 
were obtained after dialysis and resuspended in 100 mM NaCitrate, pH 5.0. The 
resuspended precipitate was analyzed again by SDS-PAGE and was stained with 
Coomassie Brilliant Blue. See Figure 9. 

The medium supernatant was also diluted 1:10 in 50 mM MES, pH 5 8 and 
applied to an SP-650M column (1.0 x 6.6 cm, Toyopearl) at a flow rate of 1 ml/min. 
Protein was eluted with step gradients at 200, 300 and 500 mM NaCl. The VEGF-2 
was obtained using the elution at 500 mM. The eluate was analyzed by SDS-PAGE in 
the presence or absence of reducing agent, b-mercaptoethanol and stained by 
Coomassie Brilliant Blue. See Figure 10. 



Example 4 

Expression of Recombinant VEGF-2 in COS Cells 

The expression of plasmid, VEGF-2-HA is derived from a vector 
pcDNAI/Amp Onvitrogen) containing: 1) SV40 origin of replication, 2) ampicillin 
resistance gene, 3) E. coli replication origin, 4) CMV promoter followed by a 
polylinker region, an SV40 intron and polyadenylation site. A DNA fragment 
encoding the entire VEGF-2 precursor and a HA tag fused in frame to its 3' end was 
cloned into the polylinker region of the vector, therefore, the recombinant protein 
expression is directed under the CMV promoter. The HA tag corresponds to an 
epitope derived from the influenza hemagglutinin protein as previously described 
(Wilson et al. Cell 37:761 (1984)). The infusion of HA tag to the target protein 
allows easy detection of the recombinant protein with an antibody that recognizes the 
HA epitope. 

The plasmid construction strategy is described as follows: 
The DNA sequence encoding VEGF-2, ATCC No. 97149, was constructed 
by PCR using two primers: the 5' primer (CGC GGA TCC ATG ACT GTA CTC 
TAC CCA) (SEQ ID NO:14) contains a BamHl site followed by 18 nucleotides of 
VEGF-2 coding sequence starting from the initiation codon; the 3" sequence (CGC 
TCT AGA TCA AGC GTA GTC TGG GAC GTC GTA TGG GTA CTC GAG GCT 
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CAT TTG TGG TCT 3') (SEQ ID NO: 15) contains complementary sequences to an 
Xbal site, HA tag, Xhol site, and the last 15 nucleotides of the VEGF-2 coding 
sequence (not including the stop codon). Therefore, the PCR product contains a 
BamHI site, coding sequence followed by an Xhol restriction endonuclease site and 
5 HA tag fused in frame, a translation termination stop codon next to the HA tag, and an 
Xbal site. The PCR amplified DNA fragment and the vector, pcDNAI/Amp, were 
digested with BamHI and Xbal restriction enzyme and ligated. The ligation mixture 
was transformed into E. coli strain SURE (Stratagene Cloning Systems, La Jolla, CA 
92037) the transformed culture was plated on ampicillin media plates and resistant 

10 colonies were selected. Plasmid DNA was isolated from transformants and examined 
by restriction analysis for the presence of the correct fragment. For expression of the 
recombinant VEGF-2, COS cells were transfected with the expression vector by 
DEAE-DEXTRAN method (J. Sambrook, E. Fritsch, T. Maniatis, Molecular 
Cloning A Laboratory Manual, Cold Spring Laboratory Press, (1989)). The 

15 expression of the VEGF-2-HA protein was detected by radiolabelling and 
immunoprecipitation method (E. Harlow and D. Lane, Antibodies: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, (1988)). Cells were labelled for 8 
hours with ,s S-cysteine two days post transfection. Culture media was then collected 
and cells were lysed with detergent (RIPA buffer (150 mM NaCl, 1% NP-40, 0.1% 

20 SDS, 1% NP-40, 0.5% DOC, 50mM Tris, pH 7.5) (Wilson ex ai. Cell 57:767 
(1984)). Both cell lysate and culture media were precipitated with an HA specific 
monoclonal antibody. Proteins precipitated were analyzed on 15% SDS-PAGE gels. 

Example S 

25 The Effect of Partially Purified VEGF-2 Protein on the Growth of 

Vascular Endothelial Cells 

On day 1, human umbilical vein endothelial cells (HUVEC) were seeded at 2- 
5xl0 4 cells/35 mm dish density in Ml 99 medium containing 4% fetal bovine serum 

30 (FBS), 16 units/ml heparin, and 50 units/ml endothelial cell growth supplements 
(ECGS, Biotechnique, Inc.). On day 2, the medium was replaced with M199 
containing 10% FBS, 8 units/ml heparin. VEGF-2 protein of SEQ ID NO. 2 minus 
the initial 45 amino acid residues. (VEGF) and basic FGF (bFGF) were added, at the 
concentration shown. On days 4 and 6, the medium was replaced. On day 8, cell 

35 number was determined with a Coulter Counter (See Figure 1 2). 
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T . _„ m Example 6 

The Effect of Purified VEGJF-2 Protein on the Growth of Vascular 

Endothelial Cells 

On day 1, human umbilical vein endothelial cells (HUVEC) were seeded at 2-5 
x 10 cells/35 mm dish density in M199 medium containing 4% fetal bovine serum 
(FBS). 16 uniWml heparin. 50 units/ml endothelial cell growth supplements (ECGS 
Biotechn.que. Inc.). On day 2, the medium was replaced with M199 containing 10% 
FBS. 8 units/ml heparin. Purified VEGF-2 protein of SEQ ID NO:2 minus initial 45 
amino ac,d residues was added to the medium at this point. On days 4 and 6 the 
medmm was replaced with fresh medium and supplements. On day 8. cell number 
was determined with a Coulter Counter (See Figure 1 3). 

Example 7 
Expression via Gene Therapy 
Fibroblasts are obtained from a subject by skin biopsy. The resulting tissue is 
placed .n tissue^ulture medium and separated into small pieces. Small chunks of the 
nssue are placed on a wet surface of a tissue culture flask, approximately ten pieces 
are placed in each flask. The flask is turned upside down, closed tight and left at 
room temperature over night. After 24 hours at room temperature, the flask is 
■nverted and the chunks of tissue remain fixed to the bottom of the flask and fresh 
media (, g ., Ham's F12 media, with 10% FBS. penicillin and streptomycin, is added. 
This sthen incubated at 37°Cfor approximately one week. At mis time, fresh media 
is added and subsequently changed every several days. After an additional two weeks 
m culture, a monolayer of fibroblasts emerge. The monolayer is trypsinized and 
scaled into larger flasks. 

pMV-7 (Kirschmeier. P.T. etai, DNA 7:219-225 (1988) flanked by the long 
terminal repeats of the Moloney murine sarcoma virus, is digested with EcoRI and 
Hindfll and subsequently treated with calf intestinal phosphatase. The linear vector is 
fractionated on agarose gel and purified, using glass beads. 

The cDNA encoding a polypeptide of the present invention is amplified using 
PCR primers which correspond to the 5' and 3' end sequences respectively The 5 ■ 
pnmer containing an EcoRI site and the 3' primer further includes a HindHI site 
Equal quantities of the Moloney murine sarcoma virus linear backbone and the 
amplified EcoRI and HindHI fragment are added together, in the presence of T4 DNA 
hgase. The resulting mixture is maintained under conditions appropriate for ligation 
of the two fragments. The ligation mixture is used to transform bacteria HB101 
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which are then plated onto agar-containing kanamycin for the purpose of confirming 

that the vector had the gene of interest properly inserted. 

The amphotropic pA317 or GP+aml2 packaging cells are grown in tissue 

culture to confluent density in Dulbecco's Modified Eagles Medium (DMEM) with 

10% calf serum (CS), penicillin and streptomycin. The MSV vector containing the 

gene is then added to the media and the packaging cells are transduced with the vector. 

The packaging cells now produce infectious viral particles containing the gene (the 

packaging cells are now referred to as producer cells). 

Fresh media is added to the transduced producer cells, and subsequently, the 

media is harvested from a 10 cm plate of confluent producer cells. The spent media, 
containing the infectious viral particles, is filtered through a millipore filter to remove 
detached producer cells and this media is then used to infect fibroblast cells. Media is 
removed from a sub-confluent plate of fibroblasts and quickly replaced with the media 
from the producer cells. This media is removed and replaced with fresh media. If the 
titer of virus is high, then virtually all fibroblasts will be infected and no selection is 
required. If the uteris very low, then it is necessary to use a retroviral vector that has 
a selectable marker, such as neo or his. 

The engineered fibroblasts are then injected into the host, either alone or after 
having been grown to confluence on cytodex 3 microcarrier beads. The fibroblasts 
now produce the protein product. 



Example 8 

Expression of VEGF-2 mRNA in Human Fetal and Adult Tissues 

Experimental Design 

Northern blot analysis was carried out to examine the levels of expression of 
VEGF-2 mRNA in human fetal and adult tissues. A cDNA probe containing the entire 
nucleotide sequence of the VEGF-2 protein was labeled with "P using the rediprime* 
DNA labeling system (Amersham Life Science), according to the manufacturer's 
instructions. After labeling, the probe was purified using a CHROMA SPIN-100* 
column (Clontech Laboratories, Inc.), according to manufacturer's protocol number 
PT1200-1. The purified labeled probe was then used to examine various human 
tissues for VEGF-2 mRNA. 

A Multiple Tissue Northern (MTN) blot containing various human tissues 
(Fetal Kidney, Fetal Lung, Fetal Liver, Brain, Kidney, Lung, Liver, Spleen. 
Thymus, Bone Marrow, Testes, Placenta, and Skeletal Muscle) was obtained from 
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Clontech. The MTN blot was examined with the labeled probe using ExpressHyb* 
hybridization solution (Clontech) according to manufacturer's protocol number 
PT1190-1. Following hybridization and washing, the blot was exposed to film at - 
70°C overnight with an intensifying screen and developed according to standard 
5 procedures. 

Results 

Expression of VEGF-2 mRNA is abundant in vascular smooth muscle and 
several highly vascularized tissues. VEGF-2 is expressed at significantly higher 
levels in tissues associated with hematopoetic or angiogenic activities, i.e fetal 
kidney, fetal lung, bone marrow, placental, spleen and lung tissue. The expression 
level of VEGF-2 is low in adult kidney, fetal liver, adult liver, testes; and is almost 
undetectable in fetal brain, and adult brain (See Figure 14). 

In primary cultured cells, the expression of VEGF-2 mRNA is abundant in 
vascular smooth muscle cells and dermal fibroblast cells, but much lower in human 
umbilical vein endothelial cells (see Figure 15). This mRNA distribution pattern is 
very similar to that of VEGF. 

Example 9 

Construction of Amino terminal and carboxy terminal deletion mutants . 

In order to identify and analyze biologically active VEGF-2 polypeptides a 

panel of deletion mutants of VEGF-2 was construe .,«;„» 

' v" 1 * constructed using the expression vector 

pHE4a. 

25 1. Construction of VEGF-2 T103-L215 in P HE4 

To permit Polymerase Chain Reaction directed amplification and sub-cloning 
of VEGF-2 T103-L215 (amino acids 103 to 215 in Figure 1 or SEQ ID NO- 18) into 
the E. coli protein expression vector, pHE4, two oligonucleotide primers 
complementary to the desired region of VEGF-2 were synthesized with the following 
30 base sequence: 

5' Primer (Nde I/START and 18 nt of coding sequence) 



20 



19) 



5'-GCA GCA CAT ATG ACA GAA GAG ACT ATA AAA-3' (SEQ ID NO: 



35 
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20) 



3' Primer (Asp718, STOP, and 15 nt of coding sequence): 

5--GCA GCA GGT ACC TCA CAG TTT AGA CAT GCA-3' (SEQ ID NO: 



The above described 5' primer (SEQ ID NO: 19), incorporates an Ndel 
restricts site and the above described 3' Primer (SEQ ID NO:20), incorporates an 
As P 718 restriction site. The 5' primer (SEQ ID NO: 19) also contains an ATG 
sequence adjacent and in frame with the VEGF-2 coding region to allow translation of 
the cloned fragment in E. coli, while the 3' primer (SEQ ID NO:20) contains one stop 
codon (preferentially utilized in E. coli) adjacent and in frame with the VEGF-2 
coding region which ensures correct translational termination in E. coli. 

The Polymerase Chain Reaction was performed using standard conditions well 
known to those skilled in the art and the nucleotide sequence for the mature VEGF-2 
(aa 24-41 9 in SEQ ID NO: 1 8) as, for example, constructed in Example 3 as template 
The resulting amplicon was restriction digested with Ndel and As P 718 and subcloned 
into Ndel/Asp718 digested pHE4a expression vector. 

2. Construction of VEGF-2 T103-R227 in pHE4 
To permit Polymerase Chain Reaction directed amplification and sub-cloning 
of VEGF-2 T103-R227 (amino acids 103 to 227 in Figure 1 or SEQ ID NO-18) into 
the E. col, protein expression vector, P HE4, two oligonucleotide primers 
complementary to the desired region of VEGF-2 were synthesized with the following 
base sequence: 

5' Primer (Nde I/START and 18 nt of coding sequence)- 
NO-l/" 00 * ^ ° AG ACT ATA AAA - 3 ' (SEQ m 

3' Primer (Asp 718, STOP, and 15 nt of coding sequence)- 
NO-21) 5 '" GCA ^ MT GGA - 3 * (SEQ 10 

In the case of the above described primers, an Ndel or Asp718 restriction site 
was incorporated he 5' primer and 3" primer, respectively. The 5' primer (SEQ ID 
NO.-19) also contains an ATG sequence adjacent and in frame with the VEGF-2 
coding reg,on to allow translation of the cloned fragment in E. coli, while the 3' 
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Primer (SEQ ID N0:21) contains one stop codon (preferentially utilized in E coli) 
adjacent and in frame with the VEGF-2 coding region which ensures correct 
translauonal termination in E. coli. 

The Polymerase Chain Reaction was performed using standard conditions well 
known to those skilled in the art and the nucleotide sequence for the mature VEGF-2 
(aa 24-4 , * in SEQ ID NO: 18) as, for example, constructed in Example 3, as template. 
The resultmg amplicon was restriction digested with Ndel and As P 718 and subcloned 
into Ndel/Asp718 digested pHE4a protein expression vector. 

3. Construction of VEGF-2 T103-L215 in P A2GP 
In this illustrative example, the plasmid shuttle vector pA2 GP is used to insert 
the cloned DNA encoding the N-terminal and C-terminal deleted VEGF-2 protein 
amino acids 103-215 in Figure 1 or SEQ ID NO:18), into a baculovirus to express 
the N-termmal and C-terrninal deleted VEGF-2 protein, using a baculovirus leader 
and standard methods as described in Summers et al, A Manual of Methods for 
Baculovrus Vectors and Insect Cell Culture Procedures, Texas Agricultural 
Expenmental Station Bulletin No. 1555 (1987). This expression vector contains the 

<Z^< T T° ter ° f ^ AUt ° 8rapha CaUf0miCa «*« virus 
(AcMNPV) followed by the secretory signal peptide (leader) of the baculovims gp67 

protem and convenient restriction sites such as BamHI, Xba I and Asp718 The 
polyadenylation site of the simian virus 40 ("SV40") is used for efficient 
po yadenyiation. For easy selection of rec0 mbinant virus, the plasmid contains the 
beta-galactosuiase gene from E. coli under control of a weak Drosophila promoter in 
die sam e onentation, followed by the polyadenylation signal of the polyhedrin gene. 
The .nscrted genes are flanked on both sides by viral sequences for cell-mediated 
homologous recombination with wild-type viral DNA to generate viable virus that 
expresses the cloned polynucleotide. 

Many otter baculovirus vectors could be used in place of the vector above 
such as pAc373. P VL941 ar* pAcIMl. as one skilled in the art would readily' 
appreciate, as long as the construct provides appropriate locattd sigrals for 
^scnpnon. translation, sectetion and the , ite , including a signal peptide and an in- 
frame AUG I as ; required. Such W ^ described, for instate, in Luctow e, al.. 
Virology 770:31-39 (1989). 

The cDNA sequence encoding the VEGF-2 protein without 102 amino acids at 
the N-termmus and without 204 amino acids at the C-terminus in Figure 1, was 
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amplified using PGR oligonucleotide prime* corresponding to the 5' and 3' 

sequences of the gene. 

The 5' primer has ihe sequence 5' -OCA CCA GGA TCC CAC AOA AGA 

r A h Iw^' <SEQ m N ° :22) C0,Uainin8 *" BamHI "«**» "V * 
"f" ,0 " 0WKl b) " *»» « «» WW. the vector-supplied signal 

pept.de. and n „, of ceding sequence bases of VEGF-2 protein. The 3' primer has 

ID N0.23, contammg the Xbal restriction site (in bold) foHowed by a stop codon and 
17 nucleondes complementary to the ¥ coding sequence of VEGF-2 

The amplified sequences were isolated from a 1% agarose gel using , 

conunerc B llyavailableki,(-G.„ecle J n,-BIO10l,Inc..UJ„,la.CA). The fragment 
was then dtgested with the endonuclease BamHl ar«l Xba! and to purified again on 

« 77 f 'o™ S WM 10 pA2 GP >»«**- transfer vector 

(Suppuer) at the BamHl and Xbal sites. Through mis ligation, VEGF-2 cDNA 
representing the N-terminal and C-terminal deleted VEGF-2 protein (amino acids 103- 
215 ,„ figure 1 or SEQ ID NO:1 8) was cloned in frame with me signal sequence of 

ITZ "* ^ - <P- -«-» in te 

vector. This is designated pA2GPVEGF-2.T103-L2l5. 

4. Construction of VEGF-2 T103-R227 in pA2GP 

The cDNA sequence encoding the VEGF-2 protein without 102 amino acids at 
the -terminus and without 192 amino acids at the C-terminus in Figure 1 (i.e. amino 
acids 103-227 of SEQ H> NO:18) was amplified using PGR oligonucleotide P Z 
corresponding to the 5' and 3' sequences of the gene 

rrr , * G ° A TCC CAC AGA A0A OAC TAT ^ ATT TGC 

TGC-3 prtmer has the sequence (SEQ ID NO:24, conaining the BamHl Action 

enzymestte^boldKotlowedby 1 spacer ». to stay in-fname with the vector-supp,ied 
signal pept.de, and 26 nt of coding sequence bases 0 f vecf-2 protein. The 3' primer 
has the sequence 5N-GCA OCA TCT AGA TCA ACO TCT AAT AAT GGA ATG 
A i (SEQ !° NO:25 > «»°**°t «* Xbal ^srtcUon site (in bold) followed by a 
stop codon and 21 nucleotides compfementaty ,„ me 3' ceding sequence of VEGF-2 

The amplified sequences were isolated from a 1% agarose gel using a 
coromerc ,ai!y arable kit ("Geneclean,- BIO 10,, Inc., La lolla, CA). The fragment 
was to digested with the endonuclease BamHl and Xbal and to purified again on 

s„ 77 f B ftaEmcM WM ,i8aed ,0 pA2 GP b ~ s «—"«» 

(Suppher) a. the BamHl and Xbal sites. Through this ligation, VEGF-2 cDNA 
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2 ^rr , t™ 1 c - temmai de,aed veof - 2 p—- «■* >03- 

££2T»" Q f N0:,8> WM c,oncd - *-» - iih * — - 

taculovm* OP gene and was locattd „ 3 . £nd of ^ 
vector. Ths consul is designated pA2OPVEGF . 2 T103 R22 ; " "<* m "» 

5. Construction of VEGF-2 in pCl 

The expression vectors pCI and pC4 contain the strong promoter (LTR) of the 

Z vu^ 7 Ste ' e ' S - " i,h * S reSWai ™ «»»- "-age sites 
BamHI XW and Asp7 , 8 ^ ^ ! « 
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The vector pCl is used for the expression of VEGF-2 protein Plasmid D C1 is 
a denvanve of the piasmid pSV2-dhfr [ATCC Accession No 37146] bZ£ h 
contain the mouse DHPR gene under of * SV40 e^ p L t f ^ 

these pJasmids can be selected by growine the cell* in * , . • 
minus mpm t ■# *p u * rowin g the cells in a selective medium (alpha 

minus MEM, Life Technologies) supplemented with the chemotherapeutic alt 
methotrexate. The amplification of the DHFR in r,n • ^ agent 

flvrm h„ e Vwn . •. ., g " Cdls resistant 10 methotrexate 

T id S^7 C p (Se6, C g - Ah ' F W - Kel ^ R-M., Bertino, 

Ma, C. 1990, aioc/wrm. et Biophys. Acta 1097101 m p,„ u, , „ 
M.A. 1991.^^/^8, cTIZ : ' Sydenlam ' 
MrXdevel™ . ,. 7 ^ ""^"S concentrations of 

MTXdeveiopres.stancetotteo^byoverpraluctogttetargelenzvme DHFR .. . 
— antpnlicadon of the DHFR gene. „ a JL, .Jj.ZTjfc^ 

^...sosnaliy^ftedandover^ressed. 1, is site of the 

ta- «*,ng more than i.000 copies of the genes. Sobs^cntlv whel to 

c=(r ^, ceii iines conuin fc ampliftcd gcLgld Z t 

promote, o the long temanal repeat tLTR) of te Roase • 

mi ■ ■ } * Dow nstream of the promoter are the 

foUowng smgle resection enzyme cieavage sites mat a„ow the L"f £ 
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genes: Bamffl, Pvu U , and Nnll . ^ ^ 

"* «*« » «■ *- -ding fr a TOS foU ow ed by ,h= 3N ZLZZ 

HTLVI. For the polyadenylation of the raRNA other sienals e o f u fc 
(rmu/th , i_ • signals, e.g., from the human 

growth hormone or globm genes can be used as well. 

Stable cell lines carrying a gene of interest integrated into the chmnw™ 
upon co-transfection with a select^ ^ 

™«™«or.slbenisoia«df roma i%a g arosegel. ™ m "* 

„ , ^ ° NA Sa " Mnce VEGF-2, ATCC Accession No 97.49 was 

—ed ov using Wo ^ coms ^™ 

2 coding sequence no, including d* s(op codon 

desenbed above and ,hen digest with ^ J^T^Z 

then hgated with T4 DNA ligase. £ co// HBim „>n u 
bactenaidentifiedthatcontain dthepts^ i " ^ 
inserted gene is conWd by D^^~^°~ rf,te 
pClVEGF-2. sequenemg. This construct is designated 

6. Construction of P C4SigVEGF-2 T103-L215 
of VEOF T10M.215 (an™, ac,ds 103 u> 215 i, Figure I or SEQ ID NO : I8, in* 



WO 99/46364 



-111- 



PCT/US99/05021 



P C4Sig, two oligonucleotide primers complementary to the desired region of VEGF- 
2 were synthesized with the following base sequence: 

5' Primer (Bam HI and 26 nt of coding sequence): 

S'-GCA GCA GGA TCC ACA GAA GAG ACT ATA AAA TTT GCT GC-3' 
(SEQ-IDNO:34) LJ 

3' Primer (Xba I, STOP, and 15 nt of coding sequence)- 
5-CGT CGT TCT AGA TCA CAG TTT AGA CAT GCA TCG GCA G-3' 
(SEQIDNO:35) 

The Polymerase Chain Reaction was performed using standard conditions well 
known to those skilled in the art and the nucleotide sequence for the mature VEGF-2 
(aa 24-419) as, for example, constructed in Example 3, as template. The resulting 
amphcon was restriction digested with BamHI and Xbal and subcloned into BamHI 
/Xbal digested pC4Sig vector. 

7. Construction of pC4SigVEGF-2 T103-R227 

r v^T""* P ° ,ymeraSe Chai " RCaCti0n direCted ^^uon and sub-cloning 
of VEGF-2 T103-L2,5 (amino acids 103 to 227 in Figure 1 or SEQ ID NO:18) mto 
pC4S lg , two oligonucleotide primers complementary to the desired region of VEGF- 
2 were synthesized with the following base sequence: 

5' Primer (Bam HI and 26 nt of coding sequence): 

5'-GCA GCA GGA TCC ACA GAA GAG ACT ATA AAA TTT GCT GC-3' 
(SEQ ID NO: 34) UU 

3' Primer (Xba I, STOP, and 21 nt of coding sequence)- 
(SEQ ^ m ™ GGA ™ AAC-3' 



The Polymerase Chain Reaction was performed using standard conditions well 
known t o t hose skilled in the art and the nucleotide sequence for the mature VEGF-2 
(aa 24-419) as, for example, constructed in Example 3, as template. The resulting 
amphcon was restriction digested with BamHI and Xbal and subcloned into BamHI 
/Xbal digested pC4Sig vector. 
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8. Construction of pC4VEGF-2 M1-M263 

F tamino acids 1-263 m Figure 1 or SEO ID NOW k 
the plasmid VKIOr pC4 „ Mpras to c . ttrmjnai *J™0- 

VEGF-2 M1-M263 mto the expression vector. pC4, two oligonucleotide primed 

cc,. T °° TAC m ATC ACA TAA ^ cn- ccr oao 

In .he case of the above described 5' primer, an BamH.restricuor, s i,e was 

incorporated, while in the case of Ihe 3' orirmr m . „. 

incoroorated n» <• • . p7IS "a**" a* was 

WM. The 5 „*, contains 6 nt , 20 „, of ^ 

and an ATG sequence adjacent and in frame with the vfcp t 

elation of thecioned fragnen, in 7m toy Z ' T! 

ofVFnPO^- 3 P" mer contains 2 nt, 20 nt 

^ 1 f SeqUMCe • "* °" S '° P "*" fr*"** in E. co,„ 

adjacent -d - ta w«h me VEOF-2 coding region which ensu „ s 

translational termination in Ecoli 
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9. Construction of P C4VEGF-2 M1-D311 

3 f Primer 5-GAC TGG TAP ptt atpa^ 

3 (SEQIDNO:31) TC A ° T CTA G1T TOT GOG O- 

» In to case of .he above described 5' primer an R amH , . • 

i-orporated. T* 5 . r^rner a*o contains 6 .,, 20 Z T T" ~ 

and an ATG sequence adjacent and in frame with 4, y^f " Md " ,g Se * KnM - 
— I— of Che Coned fragment i, E . coli ^Jf^ ^ 10 *» 
of VEGF-2 codin B sentience ^ pnn,er comains 2 "'■ » « 

adjacent and in ^ £ ^ " * * 

transiational termination in E. coli. rc8 "'" CTS1,TO coma 

The Polymerase Chain Reaction was rv.rf„~-j • 
known ,0 those sk i.,ed in the an and fc^ST t 
(aa 24^,9, as constntcted, for exallle " 7 T" ** 
«*b» was restriction digTeH 1 B !T* " ^ ^ 
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10. Construction of pC4VEGF-2 M1-Q367 

VEGF-2 n M ?D3n ^ * ^ ° NA "» C — «- 

M1-D31 1 protein (amino acids 1-311 in SEO ID NO-m • 

pI^vec,o r pC4 t „„^ toC .^ naldelet ' n '° 



° ^ J' PrimCr 5 '- GAC TGG ATC CGC CAC CAT GCA CTC OCT GCC rrr 
CTT CTC-3' (SEQ ID NO:32) GCT GGG CTT 

3' Primer 5'-GAC TGG TAG CTC ATT ACT GTG GAC TTT CTr T A r 
ATT C-3" (SEQ ID NO:33) m CTG TAC 

In the case of the above described 5" primer an Ramwi , • • • 

incorporated, whiie in the case of the 3 - pii ^l 1 7 T *" 

incorporated. The 5' primer also contains 6 nt 20 " oTvEGF 2 T "* 

and an ATG sequence adjacent and in frame wi hl V^GF fcod ' 

translation ofmecloned fragment in E. coli l^Tl § "*? * *°" 
of VFfJF o r^Ai* pnmer c °ntains 2 nt, 20 nt 

1 7 ^ inE coli) 

adjacent and in frame with the VEGP o ^ } 

Example 10 

Transient Expression of VEGF-2 Protein in COS-7 Cells 
Experimental Design 

*-jrrzr veg ? ha ,usio " ^ from ~ — <■ 

sample 4, tor example, was detected by radiolahelino ™a • 

»y rdaioiaoeling and immunoprecipitation, 
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using mc^ods described in. for example Harlow and colleagues (AntMe , A 
Laboratory Manual, 2nd Ed, Cold Spring Harbor Laboratory ft essToHlC 
Harbor, New York nossii T „ .t- .. ■^ununy rress. Cold Spring 

, ' T* (1988)) - To * IS «* *»« a«er transfection, (he cells were 
labeled by ,„cuba„on in media contatatag 35S.ys.eine for 8 hours. TWlTand 
med,a were collecKd. and the eel, were washed and then 

HA-specrfic motional antibody £ I^Ch **" '' Mdil USi " 8 " 

SDS-PACEandautoradiog^y "~ ^ *" WK * 



Results 



As shown in Figure 16, cells transfected with pcDNAl VFOF wa 

■he cleaved protein, whereas ^ n ^ T ^ * ^ ° f 

be detected bv IT P0 "' 0 ° ° f "* C,eaWl » rotei " ~t 

™ 0,,reC 'P' aiiOT - ™=se daa indicate te VEGF-2 prote i» 
expressed m mammalian cells is secreted and processed. 

Example U 

Stimulatory effect of VEGF-2 on proliferation of 
vascular endothelial cells 

Experimental Design 

exanted rcgUjaUn8 Pr ° liferati0n ° f *~ * cells was 

Endothelial cell proliferation assay 

For evaluation of mitogen* activity of growth factors, the colorimetric MTS 
(3K4,5-dimethylthiazol-2-yl)-5-r3-carbo»vm^K u ,v ""«™emc MJS 

fetra2»li,m.\ , ■ u t (i<arboxymethox yphenyl)-2-(4.sulfophenyl)2H- 
tetrazohum) assay with the electron coupling reagent PM<! • \ 

was performed (CellTiter 96 AQ, Prome") " Tw ^T" 
(5,000 cellsAvelh in n i i ga) ' 06,15 werc seeded in a 96-weIl plate 

00 cells/well) ,n 0.1 mL serum-supplemented medium and allowed to attach 
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overnight. After serum-starvation for 12 hours in 0.5% FBS, conditions (bFGF 
VEGF 165 or VEGF-2 in 0.5% FBS) with or without Heparin (8 U/mJ) were added to 
wells for 48 hours. 20 mg of MTS/PMS mixture (1:0.05) were added per well and 
allowed to incubate for 1 hour at 37°C before measuring the absorbance at 490 nm in 
an ELISA plate reader. Background absorbance from control wells (some media, no 
cells) was subtracted, and seven wells were performed in parallel for each condition 
Sec, Leak et al. In Vitro Cell. Dev. Biol. J04.-512-518 (1994) 

Results 

mnv.rf GF : 2 , StimU,ated ° f huraan vein endoth ^ -lis 

(HUVEC) and dermal microvascular endothelial cells slightly (Figures 17 and 18) 

The stimulatory effect of VEGF-2 is more pronounced on proliferation of endometrial 

and microvascular endothelial cells (Figure 1 9). Endometrial endothelial cells (HEEC) 

demonstrated the greatest response to VEGF-2 (96% of the effect of VEGF on 

?^Ti:^T M CdlS) ' ^ reSP ° nSe ° f end ° th ^ -lis 

(HMEC) to VEGF-2 was 73% compared to VEGF. The response of HUVEC and 

BAEC (bovine aortic endothelial cells) to VEGF-2 was substantially lower at 10% and 

7% respectively. The activity of VEGF-2 protein has varied between different 

purification runs with the stimulatory effect of certain batches on HUVEC 

proliferation being significantly higher than that of other batches. 

Example 12 

Inhibition of PDGF-induced vascular smooth muscle cell proliferation 

VEGF-2 expression is high in vascular smooth muscle cells. Smooth muscle 
is an important therapeutic target for vascular diseases, such as restenosis. To 
evaluate the potential effects of VEGF-2 on smooth muscle cells, the effect of VEGF- 
2 on human aortic smooth muscle cell (HAoSMC) proliferation was examined. 

Experimental Design 

HAoSMC proliferation <*„ mmured for fc 
«co„. Briefly, subconfluer.,. qaiexm ^ grown „„ ^ 

-"-A"* «■* CRP or FrTC.ab.fcd AT2-3LP. Tta, *c «!* a* pulsed wito 
10% caif 6msMI BrdIJni . AftK M ^ im K 

" y ,Z e ! Ki ° in6 "-«• * «* » d 

w..h fe b,o„nyUttd mouse ami-BrdUrd amibody a, 4 "C for 2 h after exposing ,o 
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denatunng solution and then with the streptavidin-peroxidase and diaminobenzidine 
After countering with hematoxylin, the cells are mounted for microscopic 
exairunation, and the BrdUrd-positive cells are counted. The BrdUrd index is 
calculated as a percent of the BrdUrd-positive cells to the total cell number. In 
5 addnaon, the simultaneous detection of the BrdUrd staining (nucleus) and the FITC 
uptake (cytoplasm) is performed for individual cells by the concomitant use of bright 
field . ummation and dark fieid-UV fluorescent illumination. See, Hayashida et al 
J. Biol. Chem. 6;277(56):21985-21992 (1996). 

10 Results 

VEGF-2 has an inhibitory effect on proliferation of vascular smooth muscle 
cells induced by PDGF, but not by Fetal Bovine Serum (FBS) (Figure 20). 

Example 13 

15 Stimulation of endothelial cell migration 

Endothelial cell migration is an important step involved in angiogenesis 
Experimental Design 

This example will be used to explore the possibility that VEGF-2 may 
sumulate lymphatic endothelial cell migration. Currently, there are no published 
reports o such a model. However, we will be adapting a model of vascular 
endottehal cell migration for use with lymphatic endothelial cells essentially as 

Endothelial cell migration assays are performed using a 48 well 
m,crochcmotaxis chamber (Neuroprobe Inc., Cabin John, MD; Falk, W., Goodwin 
J - "* Le0Mld - E J - " A 48 we « chemotaxis assembly for rapid and 

1980;ii:239-247). Polyvinylpyrrolidone-free polycarbonate filters with a pore size of 
8 urn (Nucleoporc Corp. Cambridge, MA) an, coated with 0.1% gelatin f or at least 6 
hours at room temperature and dried under sterile air. Test substances are diluted to 

rr a 7or n,rati0nS " MI " SUPP,emCnted Wilh 0 25% «»» albumin 
(BSA), and 25 ul of the final dilution is placed in the lower chamber of the modified 

Boyden apparatus. Subcontinent, early passage (2-6) HUVEC or BMEC cultures are 

washed and ttypsinized for the minimum time required to achieve cell detachment 

50 Fl,ter bCtWeen ,OWCr ^ ^ ChanibCr ' 2 5 X 105 cells «P«W - 

50ulM199 CO ma J mng 1% FBS are seeded in the upper compartment. The apparatus 



20 



25 



WO 99/46364 



-118- 



PCT/US99/05021 



is then incubated for 5 hours at 37°C in a humidified chamber with 5% C02 to allow 
cell migration. After the incubation period, the filter is removed and the upper side of 
the filter with the non-migrated cells is scraped with a rubber policeman The filters 
are fixed with methanol and stained with a Giemsa solution (Diff-Quick Baxter 
McGraw Park, IL). Migration is quantified by counting cells of three random high - 
power fields (40x) in each well, and all groups are performed in quadruplicate. 

Results 

In an assay examining HUVEC migration using a 43-weIl microchemotaxis 
chamber, VEGF-2 was able to stimulate migration of HUVEC (Figure 21). 

Example 14 

Stimulation of nitric oxide production by endothelial cells 

Nitric oxide released by the vascular endothelium is believed to be a mediator 
of vascular endothelium relaxation. VEGF-1 has been demonstrated to induce nitric 
oxide production by endothelial cells in response to VEGF-1. As a result VEGF-2 
activty can be assayed by determining nitric oxide production by endothelial cells in 
response to VEGF-2. 

Experimental Design 

Nitric oxide is measured in 96-well plates of confluent microvascular 
endothelial cells after 24 hours starvation and a subsequent 4 hr exposure to various 
levels of VEGF-1 and VEGF-2. Nitric oxide in the medium is determined by use of 
the Gness reagent to measure total nitrite after reduction of nitric oxide-derived nitrate 

HUVK redUCtaSC ' ^ eff6Ct ° f VEGF " 2 ° n ^ ^ re,eaSC W3S CXamined ° n 
Briefly. NO release from cultured HUVEC monolayer was measured with a 
NO-specific polarographic electrode connected to a NO meter (Iso-NO World 
Precision Instruments Inc.) (1049). Calibration of the NO elements was performed 
according to the following equation: 

2KNO J + 2KI + 2H J SO,62NO + I I + 2H,0 + 2K 2 S0 4 
The standard calibration curve was obtained by adding graded concentrations of 
KN0 2 (0, 5, 10, 25, 50, 100, 250, and 500 nmol/L) into the calibration solution 
containing KI and Hj SO, The specificity of the Iso-NO electrode to NO was 
previously determined by measurement of NO from authentic NO gas (1050) The 
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culture medium was removed and HUVECs were washed twice with Dulbecco's 
phosphate buffered saline. The cells were then bathed in 5 ml of filtered Krebs- 
Henseleu solution in 6-weil plates. a*d the cd, plates were kept on a slide warmer 
(Lab L,ne Instruments Inc.) To maintain the temperature at 37°C. The NO sensor 
probe was inserted vertically into the wells, keeping the tip of the electrode 2 mm 

• under the surface of the solution, before addition of the different conditions 
S-mtroso acetyl penicillamin (SNAP) was used as a positive control. The amount of 
released NO was expressed as picomoles per 1x10* endothelial cells. All values 
reported were means of four to six measurements in each group (number of cell 

«JJ» welis, See, Leak „ * Biochem . md Biophys . £ 



Results 

» 22, t „ah, g h W ,.v. lto VEOF. T W s su^ to VEOF-2 my notify J uhr 
permeability and vessel dilation. 
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Example 15 

Effect of VEGF-2 on cord formation in angiogenesis 

endoth r7n r S ^. in u an8i0genCsis is cord Nation, marked by differentiation of 
ndothehal cell, Th* fcoassay measures the ability of microvascular endothelial cells 
to form captUary-like structures (hollow structures) when cultured in vitro 
Experimental Design 

CADMEC (microvascular endothelial cells) are purchased from Cell 
Apphcauons. Inc. as proliferating (passage 2) cells and are cultured in Cell 
Apphcauons" CADMEC Growth Medium and used a. passage 5. For the ,* vitro 
angiogenests assay, the welis of a 48-well cell culture plate a* coated with Cell 
Apphcanons Attachment Factor Medium (200 ml/well) for 30 min at 37»C 
CADMEC are seeded onto the coated wells at 7,500 cehVwell and cultured overnight 
» Growth Medum. The Growth Medium is then replaced with 300 mg L 
App canons C ord Formation Medium containing control buffer or HGS protein 
0.1 to 100ng*nJ) and thecells are cuituredfor an additional 48 hr. The numbers and 

VIA nn f CaPi,,aiy ~ 1 * e Ch ° rdS * qUantit2ted thr0Ugh use of -e Boeekder 
VIA-170 v.deo image analyzer. All assays are done in triplicate. 
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Commercial (R&D) VEGF (50 ng/ml) is used as a positive control 
b-esteradiol (1 ng/ml) is used as a negative control Th, a • u 1 
n m ,^- i •,• , "cgauve control. The appropriate buffer (without 

protein) is also utilized as a control. 

5 Results 

It has been observed that VEGF-2 inhiH.tc c 

Example 16 

Angiogenic effect on chick chorioallantoic membrane 

Chick chorioallantoic membrane (CA M) is a well-established system to 

Bl °* — ^ on CAM is easily ZTZ 
^I.The^ofVEGF-ZtosU^a,,^,^^:;*^ 

Experimental Design 

oual eSSS ? ^ CUCk «»*• - ■» Japanese 

fonow lngra e„r y "° M "* ^ — ■* 

CAM Awajf 

eggs T^e?I 4 ^ deVe, T nt ' 3 Wind ° W ^ 11110 1116 «• she » * chick 
eggs. The embryos were checked for normal development and the eggs sealed with 
cellotape. They were further incubated until Dav 13 iw. , 

«. were cm i» to disb „ a j n' :„ i~:r^ 

nnsed ,n 0.12 M sodium cacodylate buffer. T!,e y were photographs with a stereo 

ai c rr T M8) Md embed4ed for - ^ - * 

arK>ve.ControIswereperforrnedwithcamerdisksalone. 
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Results 

This data demonstrates that VEGF-2 can stimulate angiogenesis in the CAM 
assay mne-fold compared to the untreated control. However, this stimulation is only 
45% of the level of VEGF stimulation (Figure 24). 

Example 17 

Angiogenesis assay using a Matrigel implant in mouse 

Experimental Design 

In order to establish an in vivo model for angiogenesis to test protein 
activities, truce and rats have been implanted subcutaneously with methylcellulose 
disks containing either 20 mg of BSA (negative control) and 1 mg of bFGF and 0 5 
mg of VEGF-1 (positive control). 

It appeared as though the BSA disks contained little vascularization, while the 
positive control disks showed signs of vessel formation. At day 9, one mouse 
showed a clear response to the bFGF. 

Results 

Both VEGF proteins appeared to enhance Matrigel cellularity by a factor of 
20 approximately 2 by visual estimation. 

An additional 30 mice were implanted with disks containing BSA, bFGF and 
varying amounts of VEGF-1, VEGF-2-B8, and VEGF-2-C4. Each mouse received 
two identical disks, rather than one control and one experimental disk 

Samples of all the disks recovered were immunostained with Von 
WU ebrand's factor to detect for the presence of endothelial cells in the disks, and 
flk-1 and flt-4 to distinguish between vascular and lymphatic endothelial cells. 
However, definidve histochemical analysis of neovascularization and 
lymphangiogenesis could not be determined. 
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Example 18 

Rescue of Ischemia in Rabbit Lower Limb Model 

Experimental Design 

To study the in vivo effects of VEGF-2 on ischemia, a rabbit hindlimb 
ischemia model was created by surgical removal of one femoral arteries as described 
prev,ou S ly(Takeshita.S.e; fl /.Mm J. Pathol 147: 1649-1660 (1995)). The excision 
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of the femoral artery results in retrograde propagation of thrombus and occlusion of 
the external iliac artery. Consequently, blood flow to the ischemic limb is dependent 
upon collateral vessels originating from the internal iliac artery (Takeshita, S. et at 
Am J. Pathol 747:1649-1660 (1995)). An interval of 10 days was allowed for post- 
operative recovery of rabbits and development of endogenous collateral vessels. At 
10 day post-operatively (day 0), after performing a baseline angiogram, the internal 
iliac artery of the ischemic limb was transfected with 500 mg naked VEGF-2 
expression plasmid by arterial gene transfer technology using a hydrogcl-coated 
balloon catheter as described (Riessen, R. et al. Hum Gene Ther. 4:749-758 (1993): 
Leclerc, G. et al. J. Clin. Invest. 90: 936-944 (1992)). When VEGF-2 was used in 
the treatment, a single bolus of 500 mg VEGF-2 protein or control was delivered into 
the internal iliac artery of the ischemic limb over a period of 1 min. through an 
infusion catheter. On day 30, various parameters were measured in these rabbits. 

Results 

Both VEGF-2 protein (Figure 25, top panels) and naked expression plasmid 
(Figure 25, middle panels) were able to restore the following parameters in the 
ischemic limb. Restoration of blood flow, angiographic score seem to be slightly 
more by administration of 500 mg plasmid compared with by 500 mg protein (Figure 
25, bottom panels) The extent of the restoration is comparable with that by VEGF in 
separate experiments (data not shown). A vessel dilator was not able to achieve the 
same effect, suggesting that the blood flow restoration is not simply due to a vascular 
dilation effect. 

a. BP ratio (Figure 25a ) 

The blood pressure ratio of systolic pressure of the ischemic limb to that of 
normal limb. 

2 . Blood Flow and Flow Reserve (Figure 25b) 
Resting FL: the blood flow during un-dilated condition 

Max FL: the blood flow during fully dilated condition (also an indirect 

measure of the blood vessel amount) 

Flow Reserve is reflected by the ratio of max FL: resting FL. 

3 . Angiographic Score (Figure 25c) 
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Th,s » measured by the angiogram of collateral vessels. A score was 
determined by the percentage of circles in an overlaying grid that with crossing 
opactfied arteries divided by the total number m the rabbit thigh. 

4 . Capillary density (Figure 25d) 

The number of collateral capillaries determined in light microscope sections 
taken from hindlimbs. 
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As discussed, VEGF-2 is processed to an N-terminal and a C-termina. 
fragment wh,ch are co-purified. n* N-terrrdnal fragment contains the tatac putative 
functional domain and may be responsible for the biologic activity. 

Example 19 
Effect of VEGF-2 on Vasodilation 

As described above. VEGF-2 can stimuta* NO release, a mediator of vascular 
endodKhum ddatton. Since dilauon of vascular endothelium is important in reducing 
blood pressure, the ability „f VEGF-2 ,„ affect the blood pressure in spontaneous* 
hype^enstve rats (SHR) was examined. VEGF-2 caused a dose-dependen. decrease 

dtastohc blood pressure with Creasing doses of VEGF-2 which aaained sta&ucal 
JuBcance when a dose of 300mg*g was ad.runis.ered. The changes observed at 
this dose were not different than rhose seen with acetylcholine <0.5mg/kg). Decreased 
me*, arfcnal pressure (MAP) was observed as well (Figure 26c and d). VEGF-2 
(300 mgftg, and acetylcholine reduced the MAP of these SHR animals to normal 

Additionally, mcreastog doses (0 , 10 30 m }go ^ ^ ^ 
B8. C5. and C4 preps of VEGF-2 were administered to ,3-14 week old 
sponune«,siy hypertensive rats (SH R,. DaI a are exposed as the mean +/- SEM 

I7 d ™< Perf ° raKd " i,h S **" "« «-■«" *■*-» was 

defined as p<0.05 vs. the response to buffer alone 

dec ITJT VEGF ' 2 <C5 prep) * <p*-<r 

decrease the blood pressure, ft. magnitude of the response was not as « as ma. 
seen with VEGF-2 (B8 prep, even when „srf a, a dose of 900 mg/lcg 

Studies with VEGF-2 (C4 prcparauon, reveafcd ft. this CHO expressed 
protetn preparauon yielded simila, results ,„ that seen with C5 (,.=. ideally 
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significant but of far less magnitude than seen with the B8 preparation) (see Figures 
26A-D). 

As a control and since the C4 and C5 batches of VEGF-2 yielded minor but 
statistically significant, changes in blood pressure, experiments were performed 
experiments with another CHO-expressed protein, M-CIF. Administration of M-CIF 
at doses ranging from 10-900 mg/kg pfoduced no significant changes in diastolic 
blood pressure. A minor statistically significant reduction in mean arterial blood 
pressure was observed at doses of 100 and 900 mg/kg but no dose response was 
noted. These results suggest that the reductions in blood pressure observed with the 
C4 and C5 batches of VEGF-2 were specific, i.e. VEGF-2 related. 



Example 20 
Rat Ischemic Skin Flap Model 

Experimental Design 

The evaluation parameters include skin blood flow, skin temperature and 
factor VIU immunohistochemistry or endothelial alkaline phosphatase reaction 
VEGF-2 expression, during the skin ischemia, is studied using in situ hybridization. 

The study in this model is divided into three parts as follows: 

a) Ischemic skin 

b) Ischemic skin wounds 

c) Normal wounds 

The experimental protocol includes: 

a) Raising a 3x4 cm, single pedicle full-thickness random skin flap 
(myocutaneous flap over the lower back of the animal). 

b) An excisional wounding (4-6 mm in diameter) in the ischemic skin 
(skin-flap). 

c) Topical treatment with VEGF-2 of the excisional wounds (day 0, 1, 2 3 4 
post-wounding) at the following various dosage ranges: lmg to 100 mg. 

d) Harvesting the wound tissues at day 3, 5, 7, 10, 14 and 21 post-wounding 
for histological, immunohistochemical, and in situ studies. 
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Example 21 
Peripheral Arterial Disease Model 

Angiogenic therapy using VEGF-2 has been developed as a novel therapeutic 
strategy to obtain restoration of blood flow around the ischemia m case of peripheral 
arterial diseases. 

Experimental Design 

The experimental protocol includes: 

a) One side of the femoral artery is ligated to create ischemic muscle of 
the hindlimb, the other side of hindlimb serves as a control. 

b) VEGF-2 protein, in a dosage range of 20 mg - 500 mg,' is delivered intravenously 
and/or intramuscularly 3 times (perhaps more) per week for 2-3 weeks. 

c) The ischemic muscle tissue is collected after ligation of the femoral 

artery at 1, 2, and 3 weeks for the analysis of VEGF-2 expression and histology 
Biopsy is also performed on the other side of normal muscle of the 
contralateral hindlimb. 

Example 22 
Ischemic Myocardial Disease Model 

VEGF-2 is evaluated as a potent mitogen capable of stimulating the 
development of collateral vessels, and restructuring new vessels after coronary artery 
occlusion. Alteration of VEGF-2 expression is investigated in situ. 

Experimental Design 

The experimental protocol includes: 

a) The heart is exposed through a left-side thoracotomy in the rat. Immediately the 
left coronary artery is occluded with a thin suture (6-0) and the thorax is closed 

b) VEGF-2 protein, in a dosage range of 20 mg - 500 mg, is delivered intravenously 
and/or intramuscularly 3 times (perhaps more) per week for 2-4 weeks. 

c) Thirty days after the surgery, the heart is removed and cross-sectioned 
for morphometric and in situ analyzes. 
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Example 23 
Rat Corneal Wound Healing Model 

This animal model shows the effect of VEGF-2 on neovascularization. 

Experimental Design 

The experimental protocol includes: 

a) Making a 1-1.5 mm long incision from the center of comea into the stromal layer 

b) Inserting a spatula below the lip of the incision facing the outer corner of the eye 

c) Making a pocket (its base is 1-1.5 mm form the edge of the eye). 

d) Positioning a pellet, containing 50mg - 500mg VEGF-2, within the pocket 

e) VEGF-2 treatment can also be applied topically to the corneal wounds in a dosage 
range of 20mg - 500mg (daily treatment for five days). 

Example 24 
Diabetic Mouse and Glucocorticoid-Impaired 
Wound Healing Models 

Experimental Design 
20 The experimental protocol includes: 

1 . Diabetic db+/db+ mouse model. 

To demonstrate that VEGF-2 accelerates the healing process, the genetically 
diabeuc mouse model of wound healing iss used. The full thickness wound healing 
model in the db + /db + mouse is a well characterized, clinically relevant and 
reproducible model of impaired wound healing. Healing of the diabetic wound is 
dependent on formation of granulation tissue and re-epithelialization rather than 
contraction (Gartner, M.H. etal.. I Surg. Res. 52:389 (1992); Greenhalgh, D.G et 
ai, Am. J. Pathol. 136:1235 (1990)). 

The diabetic animals have many of the characteristic features observed in Type 
II diabetes mellitus. Homozygous (db + /db + ) mice are obese in comparison to their 
normal heterozygous (db + / +ra) littermates. Mutant diabetic (db + /db + ) mice have a 
single autosomal recessive mutation on chromosome 4 (db + ) (Coleman et al Proc 
Natl. Acad. Sci. USA 77:283-293 (1982)). Animals show polyphagia, polydipsia 
and polyuria. Mutant diabetic mice (db+Zdb*) have elevated blood glucose, increased 
or normal insulin levels, and suppressed cell-mediated immunity (Mandel et al J 
Immunol. 720:1375 (1978); Debray-Sachs, M. et al., Clin. Exp. Immunol. 51(1)1-1 
(1983); Uiter et al., Am. J. of Pathol. 114M-5S (1985)). Peripheral neuropathy 
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myocardial complications, and microvascular lesions, basement membrane thickening 
and glomerular filtration abnormalities have been described in these animals (Norido 
F. etal, Exp. Neurol. 5*2*221-232 (1984); Robertson et ai. Diabetes 29(1)- 60-61 
(1980); Giacomelli etal, Ub Invest. WM60-473 (1979); Coleman, D.L., Diabetes 
31 (Suppiy.1-6 (1982)). These homozygous diabetic mice develop hyperglycemia that 
is resistant to msulin analogous to human type II diabetes (Mandel et ai, J Immunol 
720:1375-1377(1978)). 

The characteristics observed in these animals suggests that healing in this 
model may be similar to the healing observed in human diabetes (Greenhalgh et al 
Am. J. of Pathol. 756:1235-1246 (1990)). 

Animals 

Genetically diabetic female C57BIVKsJ (db+Zdh*) mice and their non-diabetic 
(db + / + m) heterozygous littermates were used in this study (Jackson Laboratories) 
Theammals were purchased at6 W eeks of age and wereS weeks old at the beginning 
of the study. Animals were individually housed and received food and water ad 
Iibnum. All manipulations were performed using aseptic techniques The 
experiments were conducted according to the rules and guidelines of Human Genome 
Sconces, Inc. tastitutional Animal Care and Use Committee and the Guidelines for" 
the Care and Use of Laboratory Animals. 

Surgical Wounding 

Wounding protocol is performed according to previously reported methods 
(Tsuboi, R. and Rifkin, D.B., J. Exp. Med. 772:245-251 (1990)). Briefly, on the 
day of wounding, animals are anesthetized with an intraperitoneal injection of Avertin 
(0.01 mg/mL), 2,2,2-tribromoethanol and 2-methyl-2-butanol dissolved in deionized 
water. The dorsal region of the animal is shaved and the skin washed with 70% 
ethanol solution and iodine. The surgical area is dried with sterile gauze prior to 
wounding. An 8 mm full-thickness wound is then created using a Keyes tissue 
punch. Immediately following wounding, the surrounding skin is gently stretched to 
ehminate wound expansion. The wounds are left open for the duration of the 
experiment. Application of the treatment is given topically for 5 consecutive days 
commencing on the day of wounding. Prior to treatment, wounds are gently cleansed 
with sterile saline and gauze sponges. 

Wounds are visually examined and photographed at a fixed distance at the day 
of surgery and at two day intervals thereafter. Wound closure is determined by daily 
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Tissue sections are stained immunohistochemically with a polyclonal rah v f 
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phenomenon in rats (Beck, L.S. et ai. Growth Factors. 5: 295-304 (1991); 
Haynes, B.F., et ai, J. Clin. Invest. 61: 703-797 (1978); Wahl S M ' 
"Glucocorticoids and wound healing", In: Antiinflammatory Steroid Action: Basic and 
Chmcal Aspects, Academic Press, New York, pp. 280-302 (1989); Pierce. G.F. et 
ai, Proc. Natl. Acad. Sci. USA 86: 2229-2233 (1989)). 

To demonstrate that VEGF-2 can accelerate the healing process, the effects of 
multmle topical applications of VEGF-2 on full thickness excisional skin wounds in 
rats m which healing has been impaired by the systemic administration of 
methylprednisolonc is assessed. 



Animals 



Young adult male Sprague Dawley rats weighing 250-300 g (Charles River 
Laboratories) are used in this example. The animals are purchased at 8 weeks of age 
and were 9 weeks old at the beginning of the study. The healing response of rats is 
impaired by the systemic administration of methylprednisolone (17mg/kg/rat 
intramuscularly) at the time of wounding. Animals are individually housed and 
receded food and water ad libitum. All manipulations are performed using aseptic 
techmques. This study is conducted according to the rules and guidelines of Human 
Genome Sciences, Inc. Institutional Animal Care and Use Committee and the 
Guidelines for the Care and Use of Laboratory Animals. 

Surgical Wounding 

The wounding protocol is followed according to section A, above. On the 
day of wounding, animals are anesthetized with an intramuscular injection of ketamine 
(50 mg/kg) and xylazine (5 mg/kg). The dorsal region of the animal is shaved and the 
skin washed with 70% ethanol and iodine solutions. The surgical area is dried with 
sterile gauze prior to wounding. An 8 mm full-thickness wound is created using a 
Keyes tissue punch. The wounds are left open for the duration of the experiment 
Apphcauons of the testing materials are given topically once a day for 7 consecutive 
days commencing on the day of wounding and subsequent to methylprednisolone 
administration. Prior to treatment, wounds are gently cleansed with sterile saline and 
gauze sponges. 

Wounds are visually examined and photographed at a fixed distance at the day 
of wounding and at the end of treatment. Wound closure is determined by daily 
measurement on days 1-5 and on day 8 for Figure. Wounds are measured horizontally 
and vertically using a calibrated Jameson caliper. Wounds are considered healed if 
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Example 25 

SpeC }£ C ^£ eptide Fragments to Generate 
VEGF-2 Monoclonal Antibodies 

Four specific peptides (designated SP-40, SP-41, SP-42 and SP-43) have 
been generated. These will be used to generate monoclonal antibodies to analyze 
VEGF-2 processing. The peptides are shown below: 

1. "SP-40": MTVLYPEYWKMY (amino acids 70-81 in SEQ ID NO:18) 

2. "SP-41": KSIDNEWRKTQSMPREV (amino acids 120-136( note OS mutation 
at position 1 3 1 ) in SEQ ID NO: 18) 

3. "SP-42": MSKLDVYRQVHSIIRR (amino acids 212-227 in SEQ ID NO- 18) 

4. "SP-43": MFSSDAGDDSTDGFHDI (amino acids 263-279 in SEQ ID NO: 18) 

Example 26 
Lymphadema Animal Model 

The purpose of this experimental approach is to create an appropriate and 
consistent lymphedema model for testing the therapeutic effects of VEGF-2 in 
lymphangiogenesis and re-establishment of the lymphatic circulatory system in the rat 
hind hmb. Effectiveness is measured by swelling volume of the affected limb 
quantification of the amount of lymphatic vasculature, total blood plasma protein and 
h,stopathology. Acute lymphedema is observed for 7-10 days. Perhaps more 
importantly, the chronic progress of the edema is followed for up to 3-4 weeks. 

Experimental Procedure 

Prior to beginning surgery, blood sample was drawn for protein concentration 
analysis. Male rats weighing approximately ~350g are dosed with Pentobarbital 
Subsequently, the right legs were shaved from knee to hip. The shaved area is 
swabbed with gauze soaked in 70% EtOH. Blood is drawn for serum total protein 
testing. Crcumfercnce and volumetric measurements were made prior to injecting dye 
into paws after marking 2 measurement levels (0.5 cm above heel, at mid-pt of dorsal 
paw). The intradermal dorsum of both right and left paws are injected with 0.05 ml of 
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edema software(Chen/Vict 0 r). Data is recorded by one person, while the other is 
dipping the hmb to marked area. 

Blood-plasma protein measurements: Blood is drawn, spun, and serum separated 
5 prior to surgery and then at conclusion for total protein and Ca2+ comparison. 

Limb Weight Comparison: After drawing blood, the animal is prepared for tissue 
collect^ The limbs were amputated using a quillitine, then both experimental and 
control legs were cut at the ligature and weighed. A second weighing is done as the 

10 tibio-cacaneal joint was disarticulated and the foot was weighed 

Histological Preparations: The transverse muscle located behind the knee (popliteal) 
area is d.ssected and arranged in a metal mold, filled with freezeGel, dipped into cold 
methylbutane, placed into labeled sample bags at - 80EC until sectioning. Upon 
secuoning, the muscle was observed under fluorescent microscopy for lymphatics. 

1 5 Other irnmuno/histological methods are currently being evaluated. 
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Example 27 

Method of Treatment Using Gene Therapy for Production 
of VEGF-2 Polypeptide - In Vivo 

Another aspect of the present invention is using in vivo gene therapy methods 
to treat disorders, diseases and conditions. The gene therapy method relates to the 
introduction of naked nucleic acid (DNA, RNA, and antisense DNA or RNA) 
comprising VEGF-2 operably linked to a promoter into an animal to increase the 
expression of VEGF-2. Such gene therapy and delivery techniques and methods ane 
known m the art, see, for example, WO 90/1 1092, WO 98/1 1779; U.S Patent Nos 
5693622. 5705151, 5580859; Tabata H. e, al (1997) Cardiac. Res. 35(3)470. 
479, Chao, J et al. (1997) Pharmacol. Res. 35(6*51 7-522, Wolff, J.A (1997) 

TsZZu\ DiS ° r<L ™ :314 - 318 ' SChWartZ ' R * < 1996 > ne T»er. 
if5,:405^11,Tsummi, Y. etal. (1996) Circulation 9«/2):328 1-3290 (incorporated 
herein by reference). 

The VEGF-2 polynucleotide constructs may be delivered by any method that 
dehvers injectable materials to the cells of an animal, such as, injection into the 
intersaual space of tissues (heart, muscle, skin, lung, liver, intestine and the like). 
The VEGF-2 polynucleotide constructs may also be delivered directly into arteries 



WO 99/46364 



-135- 



PCT7US99/0502I 



10 



15 



20 



25 



30 



35 



The VEGF-2 polynucleotide constructs can be delivered in a pharmaceutically 
acceptable liquid or aqueous carrier. 

The tern, "naked" polynucleotide, DNA or RNA, refers to sequences that are 
free from any delivery vehicle that acts to assist, promote, or facilitate entry into the 
cell, mcludmg viral sequences, viral particle,, liposome formulations, lipofectin or 
predating agents and the like. However, the VEGF-2 polynucleotide may also be 
dehvered in liposome formulations (such as those taught in Feigner P.L. ex al (1995) 
Ann. NY Acad. Sci. 772:126-139 and Abdallah B. et al. (1995) Biol. Cell 5 W l-7) 
wh,ch can be prepared by methods well known to those skilled in the art 

The VEGF-2 vector constructs used in the gene therapy method are preferably 
constructs that will not integrate into the host genome nor will they contain sequences 
that allow for replication. Unlike other gene therapies techniques, one major advantage 
of mtroduc.g naked nucleic acid sequences into target cells is the transitory nature of 
^polynucleotide synthesis in the cell, Studies have shown that non-replicating 
DNA sequences can be introduced into cells to provide production of the desired 
polypeptide for periods of up to six months. 

The VEGF-2 construct can be delivered to the interstitial space of tissues 
wnhm the an animal, including of muscle, skin, brain, lung, ,iver, spleen, bone 
marrow, thymus, heart, l ymph , blood> 5onCi cartjlage 
bladder, stomach, intestine, testis, ovary, uterus, rectum, nervous system, eye. gland 
and connective tissue. Interstitial space of the tissues comprises the intercellular fluid ' 
mucopolysaccharide matrix among the reticular fibers of organ tissues, elastic fibers in 
the walls of vessels or chambers, collagen fibers of fibrous tissues, or that same 
matnx wuhin connective tissue ensheathing muscle cells or in the lacunae of bone It 
is snarly the space occupied by the plasma of the circulation and the lymph fluid of 
the lymphauc channel, They may be conveniently delivered by injection into the 
tissues comprising these cell, They are preferably delivered to and expressed in 
percent, non-dividing cells which are differentiated, although delivery and 
express^ may be achieved in non-differentiated or less completely differentiated 
cells, such as, for example, stem cells of blood or skin fibroblast, Preferably they 
are delivered by direct injection into the artery. 

pwi ^ ^ P° ] y nuc ^e Ejection, an effective dosage amount of DNA or 
RNA w,Il be m the range of from about 0.05 g/kg body weight to about 50 mg/kg 
body weight. Preferably the dosage wil, be from about 0.005 mg/kg to abou^O 
mg/kg and more preferably from about 0.05 mg/kg to about 5 mg/kg. Of course as 
the amsan of ordinary skill will appreciate, this dosage will vary according to 'the 
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tissue site of injection. The appropriate and effective dosage of nucleic acid sequence 
can readily be determined by those of ordinary skill in the art and may depend on the 
condition being treated and the route of administration. The preferred route of 
administration is by the parenteral route of injection into the interstitial space of 
tissues, or directly into arteries. However, other parenteral routes may also be used 
such as, inhalation of an aerosol formulation particularly for delivery to lungs or 
bronchial tissues, throat or mucous membranes of the nose. In addition, naked 
VEGF-2 constructs can be delivered to arteries during angioplasty by the catheter used 
in the procedure. 

The dose response effects of injected VEGF-2 polynucleotide construct in 
arteries in vivo is determined as follows. Suitable template DNA for production of 
mRNA coding for VEGF-2 is prepared in accordance with a standard recombinant 
DNA methodology. The template DNA, which may be either circular or linear, is 
either used as naked DNA or complexed with liposomes. The arteries of rabbits are 
then injected with various amounts of the template DNA. 

Hindlimb ischemia in rabbits is surgically induced, as described in Example 
18. Immediately following this, five different sites in the adductor (2 sites), medial 
large (2 sites), and semimembranous muscles (1 site) are injected directly with 
plasmid DNA encoding VEGF-2 using a 3ml syringe and 2-gauge needle advanced 
through a small skin incision. The skin is then closed using 4.0 nylon. 

The ability to rescue hindlimb ischemia is determined by measuring the 
number of capillaries in light microsopic sections taken from the treated hindlimbs 
compared to ischemic hindlimbs from untreated rabbits, measurement of calf blood 
pressure, and intra-arterial Doppler guidewire measurement of flow velocity 
(Takeshita etui, J. Clin. Invest. 95:662-670 (1994)). The results of the above 
expenmentation in rabbits can be use to extrapolate proper dosages and other treatment 
parameters in humans and other animals using VEGF-2 polynucleotide naked DNA. 

Example 28 

Method of Treatment Using Gene Therapy - Ex Vivo 

One method of gene therapy transplants fibroblasts, which are capable of 
expressmg VEGF-2 polypeptides, onto a patient. Generally, fibroblasts are obtained 
from a subject by skin biopsy. The resulting Ussue is placed in tissue-culture medium 
and separated into small pieces. Small chunks of the ussue are placed on a wet 
surface of a tissue culture flask, approximately ten pieces are placed in each flask 
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The flask 1S turned upside down, closed tight and left at room temperature over night 
After 24 hours at room temperature, the flask is inverted and the chunks of tissue 
remain fixed to the bottom of the flask and fresh media (e.g., Ham s F12 media, with 
10% FBS, penicillin and streptomycin) is added. The flasks are then incubated at 37 
degree C for approximately one week. 

At this time, fresh media is added and subsequently changed every several 
days. After an additional two weeks in culture, a monolayer of fibroblasts emerge 
The monolayer is trypsinized and scaled into larger flasks. 

pMV-7 (Kirschmeier, P.T. et ah, DNA, 7:219-25 (1988)), flanked by the 
long terminal repeats of the Moloney murine sarcoma virus, is digested with EcoRI 
and Hmdlll and subsequently treated with calf intestinal phosphatase. The linear 
vector is fractionated on agarose gel and purified, using glass beads. 

The cDNA encoding VEGF-2 can be amplified using PGR primers which 
correspond to the 5' and 3' end sequences respectively as set forth in Example 1 
Preferably, the 5" primer contains an EcoRI site and the 3' primer includes a HindHI 
site. Equal quantities of the Moloney murine sarcoma virus linear backbone and the 
amplified EcoRI and Hindm fragment are added together, in the presence of T4 DNA 
ligase. The resulting mixture is maintained under conditions appropriate for ligation 
of the two fragments. The ligation mixture is then used to transform bacteria HB 101 
which are then plated onto agar containing kanamycin for the purpose of confirming 
that the vector contains properly inserted VEGF-2. 

The amphotropic pA317 or GP + aml2 packaging cells are grown in tissue 
culture to confluent density in Dulbecco's Modified Eagles Medium (DMEM) with 
10% calf serum (CS), penicillin and streptomycin. The MSV vector containing the 
VEGF-2 gene is then added to the media and the packaging cells transduced with the 
vector. The packaging cells now produce infectious viral particles containing the 
VEGF-2 gene(the packaging cells are now referred to as producer cells). 

Fresh media is added to the transduced producer cells, and subsequently, the 
media is harvested from a 10 cm plate of confluent producer cells. The spent media 
containing the infectious viral particles, is filtered through a millipore filter to remove' 
detached producer cells and this media is then used to infect fibroblast cells. Media is 
removed from a sub-confluent plate of fibroblasts and quickly replaced with the media 
from the producer cells. This media is removed and replaced with fresh media. If the 
fter of virus is high, then virtually all fibroblasts will be infected and no selection is 
required. If the titer is very low, then it is necessary to use a retroviral vector that has 
a selectable marker, such a, neo or his. Once the fibroblasts have been efficiently 
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infected, the fibroblasts are analyzed to determine whether VEGF-2 protein is 
produced. 

The engineered fibroblasts are then transplanted onto the host, either alone or 
after having been grown to confluence on cytodex 3 microcarrier beads 
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Example 29 

Method of Treatment Using Gene Therapy 
Homologous Recombination 

Another method of gene therapy according to the present invention involves 
operably associating the endogenous VEGF-2 sequence with a promoter via 
homologous recombination as described, for example, in U.S. Patent No. 5,641,670 
issued June 24, 1997; International Publication No. WO 96/29411 published 
September 26. 1996; International Publication No. WO 94/12650, published August 
4. 1994; Koller et ai, P roc . Natl. Acad. Sci. USA 56:8932-8935 (1989); and Zijlstra 
etaL, Nature 342:435-438 (1989). This method involves the activation of a gene 
wh.ch u present in the target cells, but which is not expressed in the cells, or is 
expressed at a lower level than desired. 

Polynucleotide constructs are made which contain a promoter and targeting 
sequences, which are homologous to the 5" non-coding sequence of endogenous 
VEGF-2, flanking the promoter. The targeting sequence will be sufficiently near the 
5 end of VEGF-2 so the promoter will be operably linked to the endogenous 
sequence upon homologous recombination. The promoter and the targeting sequences 
can be amplified using PGR. Preferably, the amplified promoter contains distinct 
restriction enzyme sites on the 5" and 3' ends. Preferably, the 3' end of the first 
targeting sequence contains the same restriction enzyme site as the 5" end of the 
amplified promoter and the 5' end of the second targeting sequence contains the same 
restriction site as the 3' end of the amplified promoter. 

The amplified promoter and the amplified targeting sequences are digested 
with the appropriate restriction enzymes and subsequently treated with calf intestinal 
phosphatase. The digested promoter and digested targeting sequences are added 
together in the presence of T4 DNA ligase. The resulting mixture is maintained under 
conditions appropriate for ligation of the two fragments. The construct is size 
fractionated on an agarose gel then purified by phenol extraction and ethanoi 
precipitation. 
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In this Example, the polynucleotide constructs are administered as naked 
polynucleotides via electroporation. However, the polynucleotide constructs may also 
be administered with transfection-facilitaung agents, such as liposomes, viral 
sequences, v,ral particles, precipitating agents, etc. Such methods of delivery are 
5 known in the art. 

Once the cells are transfected, homologous recombination will take place 
which results in the promoter being operably linked to the endogenous VEGF-2 
sequence. This results in the expression of VEGF-2 in the cell. Expression may be 
detected by immunological staining, or any other method known in the art 
'0 Fibroblasts are obtained from a subject by skin biopsy. The resulting tissue is 

P aced in DMEM + 10% fetal calf senm, Exponentially growing or early stationary 
phase fibroblasts aie trypsin^ and rinsed from the plastic surface with nutrient 
medium. An aliquot of the cell suspension is removed for counting, and the remaining 
cells are subjected to centrifugation. The supernatant is aspirated and the pellet is 
15 suspended in 5 ml of electroporation buffer (20 mM HEPES P H 7 3 137 mM 
NaCl, 5 mM KCI, 0.7 mM Na, HP0 4 , 6 mM dextrose). The cells are rec'entrifuged 
the supernatant aspirated, and the cells .suspended in electroporauon buffer^ 
containing 1 mg/ml acetylated bovine senim albumin. The final cell suspension 
contains approximately 3X10« cells/ml. Electroporation should be perfonned 
20 immediately following resuspension. 

Plasmid DNA is prepared according to standard techniques. To construct a 
plasmid for targeting to the VEGF-2 locus, plasmid P UC18 (MB I Fermentas 
Amherst, NY) is digested with Hindlll. The CMV promoter is amplified by PGR 
wim an Xbal site on the 5' end and a BamHI site on the 3'end. Two VEGF-2 non- 
25 coding sequences are amplified via PGR: one VEGF-2 non-coding sequence (VEGF-2 
fragment 1) is amplified with a HindHI site at the 5' end and an Xba site at the 3'end- 
the odier VEGF-2 non-coding sequence (VEGF-2 fragment 2) is amplified with a 
BanHI site at the 5'end and a Hindll! site at the 3'cnd. The CMV promoter and 
VEGF-2 fragments are digested with the appropriate enzymes (CMV promoter - Xbal 
0 and BamHI; VEGF-2 fragment 1 - Xbal; VEGF-2 fragment 2 - BamHI) and ligated 

fCSUlting Iigad0n Pr0dUCt iS **** With HindI11 ' *> d with the 

HindlH-digested pUC18 plasmid. 

DN * is added to a sterile cuvette with a 0.4 cm electrode gap 
(Bio-Rad). The final DNA concentration is generally at least 120 ng/ml. 0.5 ml of the 
cell suspension (containing approximately 1.5.X10* cells) is then added to the cuvette 
and the cell suspension and DNA solutions arc gently mixed. Electroporation is' 
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2? r ^ Kspeciiwiy - as vo,,a8e increasK ' •* *«-«. 

b« the percentage of surviving ceils tha, s(ilbIy incon)oratt ^ DNA 
tor genome mcieases dn.ma.ical.,. Given these parameters, a pulse time of 
s approx.malelyl4-20mSecsho»Idbeobserved. 

Hearoporaied ce.% arc mainlined a, ™ te^™* for app^tely 5 
mm and *e counts of the cuvenc are inc. genuy .emoved with a l te 

r *"* " 10 " °' ™ — media (DMEM 

™^ 5 *^«n J m)ma l 0cmdi S ha„di^uba tt da,37 E C.T ll e,o, 1 „„ ing L the 
) media is aspirated and replaced with Iflminfr .. ... 

16-24 hours. Md te " ba,ed for a ft " mer 

havin, C ° EinMred ~ *" ^ im ° "» h °* «"» *nc or after 

having ten grown ,„ confluence on cytodex 3 micmcarrier beads. The fibroblasts 
now produce the protein product. norooiasts 

Example 30 
VEGF-2 Transgenic Animals 

Animal^ P °^ C% "*° " " 

^r P i^ir ,es ' tos - ° m ,imiBd ,o ' ^ . 

6™ea pigs, pigs, micro-pigs, goats, sheep , cows ^ 

specific embodiment, techniques described herein or oUterwise known in the art arc 
^express polypeptides „, the invention m human, as p» „f a g J ^ 

Any techniqueknown in me art may be used to introduce the transsene (i e 
PMtt. o, me invention, iM0 ^ ,„ pn^ to JTI s of 
transgenic arum*. Such Kchniques taciude, ta are no, UmiBd to prILl 
-»-^ et a,.. Appl. Microbioi. Biotcchnoi. 40:6,1-6,^ 

™££%Zr IT" ' m263 - 1270 <"»^ ™* - *• Biotech^ 
(NY) 9.830-834 (1991); and Hoppe « a!., U.S. Pat. No. 4,873 191 (1989^ 

~ medial gene transfer into gen, linB (Van de, Pu„e„ t al Proc Natl 
Acad. Sc.. USA 82: 6,4 8 .o I5 2 (19 8 5)) , blMocvsls or ^ ^ 

ceUs or onbryos (U. 1983. Mol Ccii. Bio!. 3 : ,803- 18 .4 V9ajk mln)du L of „. 
polynucleosis of me invention nsulg . gene gun ^ " 
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259. 1 745 (1993); introducing nucleic acid consuls .mo embryonic pleuripoten, stem 
cells and uansferring & sttm cells back tal0 , he ^ 

■ransfer (U»»- « al., Cell 57:717-723 (1989); etc. For a review of such 

S (CoTT- G0^l0 ' , • ' TMSgeniC A " imals '" ,nU - *»• <** 
5 (1989), which is incorporated by reference herein in its entirety 

Any technic known in the art may be „ sed t0 produce ic ^ 

— g polynucleosis of the invendon, for exampK, nucteaI ^ inl0 
en-deated oocytes of nuclei from cUtured embtyonic, fetal, or adult cells induced to 
.0 8 7 3 B ( ^« Kal ' N ^ 380:64-60 «»«; Wilmutetal.. Nature 385:810- 

in an T"' i " Venti0 " ProV " leS "" ' ra,BgeniC a " imal5 °^ "« 
n II tor eels, as well as animals which can, the transgene in some, bu, not „, mdr 

cells, ..... mosaic animals or chimeric. The transgene may be integral as a single 
^eneorasmultiprecopi^^^i,,^,^^ 6 
» headman tandems ^ ^ my ^ ^ 

«MM . a panicuJar cell We by following, for example, the Baching „f Usko « 
aL e. al Proc. Nat,. Acad. Sci. USA 89:6232-6236 (.992),. rl regulator 

« quired for such a ceh-^e s^fflc activation will depend „^ n Z 

"ff^'-f^^wmbeappaxenttoaosoofsldllin^an. When, 
- s desired that the polynucleoufc ^ „ ^ ^ fc 

the endogenous gene, gene targeting is preferred. 

nuclide sequences homology to U* endogenous gene are designed for me 
puiposeof integrating. via homotogous recombination with chromosomal sequences 
5 nuo aid disrupting the tacdon of the nucleotide sequence of the endogenous gene 
The trarcgene may also be selectively inuoouced into a particular cell type th us 
— g the endogenous gene in only tha.c=,l type, by fo„„„i„ g , for J^. to 

s™ "h f " * SCiMCe 265:1 ° 3 - 106 <1W4 »>- * 
s„ required or such a cell-type specific inactivation will depend upon Z 

. particular^!! ,ype of imerest, and will be apparent ,„ those of skill in the*, 

reco m „ a ™ le ° k ^ b ' K ^ 8e " era,ed - te «P«*i°° of the 
be accomplished by Southern bio, analysis o, PGR techniques ,„ a^lyze LZ 
hssuestovenfymatintegraUonofuV^genehasNtenplace. The level of i^A 
expression „, the transgene m the Ussues of the uansgenic animals ma ,^ 
using techniques which induce, but are no, Umited to. Northern blot anajysis 
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of assue samples ofcained from me animal, in A hybridizauon analysis, and .verse 

S < "' PCR) ' SamP ' B ° f " »* ^ 

si £H """""^^ « i—s.ocne.nicaUy using angles 

specific for the transgene product. 

crossb T *** ~ *« " e ""="• W-* ""bred, or 

crowed .0 produce colonies of me panWar ammal. Examp,es of such breeding 

- " order ,o es.ab.ish separate lines; inbreeding of sepa™ 
ln« ,„ order «, produce compound .ransgenics Uaa, express ft. ^Ce a, higher 
W, because of me effecs of addiuve expression of each h^gen ; crossing 
heerozygous .ransgenic ^ I0 prodUM ^ « 

« in order ,„ tom augmen, ^ ^ 

scr^mng of ammals by DNA ana>ysis; crossing of sepa** homozygous lines to 
produce compound heerozygous or homozygous lines; and breeding ,o Z " 
o~ a d,s„„ a background ma, is appropria« for an experimla, mllt, 

Wgenic aramals of me invention have uses which include, bu, « no, 

VEGF. poiypepudes, spying condi,ior* and/or disorders associa,ed wim aberran, 

c^rT T? SCKening fOT COm,,OU " dS effe *« * -"orahng such 

conditions and/or disorders. 5 



Example 31 
VBGF-2 Knock-Out Animal, 



•WV .T eXPreSSi0 " «—■">«» —d by inacuvadng or 

bote, ou," ft. VEOF-2 gene ^„r its prom0Kr „ sing ^ ^° 

-ombmauon. <£.,., see Smimies e, al.. Narure 317:230-234 0985) • ZT& 
Capeccfc M 51 ;503- 5 ,2 (1987); „ „.. M ^ * 

taked by DNA homoiogous ,„ me endogenous pcjynucleoude sequence (eiL me 

T"" rcsions * th ° sene> CM 61 * - 

^ marker and/or a neganve selemble marker, „ .ransfec, cells ma, express 
MW,dcs of me invent „ vlvo . h ^ em J- 

•he ar, are used ,„ genera knockout in cells fta, co„,ai„, but * nol ^ fte gel 
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«* . nacuvanon of the targeted gen , Suc „ ^ • 

research and ag„cu tora , Mds where modifKaIions ,„ > ~" 

used to generate animal offspring „ ith m inaaive e * a " * 

5 Canerrhi io«7 ^ tu ~ i«fiwcu gene (e.g., see Thomas & 

JZ o Z ** owever tn ' s approach can be routine* 

adapted for us. ,n humans provided the recombinant DNA constructs are directly 
adhered or targeted » Ute required si tt i„ W TO using appropriate viral "totto 
will be apparent to those of skill in the an "raj vectors that 

expos' ,t!l, ra ^ me T 0,UK inVenti0n ' ^ ,ha ' engineer to 

"press fte polypeptdes of the invention, or alternatively, tha, are genetically 

d~1 10 "* * - '"ventionV,, knee" 

■ Pa«en, ■ v/ vo . Such celU my h ^ 

-J- . ,c,ud,ng human, or . m„ c ^ ^ ^ ' ~ 

■nventton into the ce, k , or alternative,,, „ dis ropt I cc^g' ^ s ^ 

TZ^T, """" " Wi ' h - " 

SJL. by tnnsducuon (us,„g viral vectors, and preferably vectors that integrate the 

ZZIT K * mom} or •"»—■• ziz 

* fc« of plasmtds, cosmids, YACs. naked DNA, elecuop™,™, Iiposomes eK 
The coding sequence of me polypeptides of the invention can be p Jed unde 

oXwh ch ^ y SeCre,iW, • ° f WGM ™« «*— 

-»M ntto the pat.cn, syslemically, e.g, „ the ctoulation , or in.rapen.oneai^ 
Altemattvely, the can be tecorporatKi ^ , ' * 

body genettcallyengineered fibroblasts can be implanted as pan of a s |~ S v 

vascular graft. (See, for example, Anderson et al. U.S. Paten, No 5 309 L> - 
Mulligan * WUson. U.S. Pa™ No . 3 , 460 „ 59 ^ J*"" 6 - SM3 »' Md 
reference herem in fc ' ° f Wh,Ch ls '"""P 0 ^ °v 

cells ^TZT*^^ m ™- m ^™"™- M » C ™*»M 
cells toy can be adnu»s,ered using well known techniques which prevent the 
^velopmen, of a host immune ^ ^ te ^ 
«- cells may be in^ in an ^ ° 
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exchange of components with the immediate extracellular environment, does not allow 
the introduced cells to be recognized by the host immune system. 

Knock-out animals of the invention have uses which include, but are not 
ta£ to. animal model systems useful in elaborating the biological function of 
VEGF-2 polypeptides, studying conditions and/or disorders associated with aberrant 
VEGF-2 express™, .and in screening for compounds effective in ameliorating such 
condmons and/or disorders. 

hght of the above teachings and, therefore, within the scope of the appended claims, 
the invention may be practiced otherwise than as particularly described 

The entire disclosure of all publications (including patents, patent applications, 
journal amcles, laboratory manuals, books, or other documents) cited herein « 
hereby incorporated by reference. 
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What Is Claimed Is: 



a. leas, 95% idlv , , *" T" P °' y " UC,e0lide «" m P™"S « nucleic acid sequence 

fon^la l^N^T ^ * * «— 

•** of SEQ B V C " ,em,inaI ^ * "* ^ f °™* 

^ofSEQIola^^^^^'^^^^^ula 
residues F-9 to R-203 of SEQ ID NO:2. ^ ^ 



3. A composition comprising the isolated polynucleotide 



of claim 1. 



7- A vector comprising the polynucleotide of claim 1. 

8- The vector of claim 7, wherein said polynucleotide is 
operauvely associated with a heterologous regulatory sequence 

9. A host cell comprising the vector of claim 7 or the 
polynucleotide of claim 1 . 
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1 0. A method for producing a VEGF-2 polypeptide, comprising: 

produce the , -/ U,tUring h ° St ° f Claim 9 Under COnditions suitable to 
produce the polypeptide; and 

(b) recovering the polypeptide from the cell culture. 

1 1 • The polypeptide produced by the method of claim 10. 

12. An isolated polypeptide comprising polypeptide at least 95% 

^^^^^^^^^ 



m m „ • 0 ' P 01 ^^ of * 12. wherein said polypeptide 

compnses™^ 

residues F-9 to R-203 of SEQ ID NO:2. 

H. A composition comprising the isolated polypeptide of claim 1. 
15. A composition comprising a first polypeptide fragment 
polypept.de fragment comprising amino acid residues F-9 to R-203 of SEQ ID NO:2. 

U . k- > • „ 16 " ^ iS ° lated ^Wide of claim 12, wherein the polypeptide 
is a biologically active fragment. polypeptide 



is antigenic. 



1 7. The isolated polypeptide of claim 12, wherein the polypeptide 
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18. The isolated polypeptide of claim 12, further comprising a 
heterologous polypeptide. 

1 9. An antibody to the polypeptide of claim 12. 

20. A compound which activates the polypeptide of claim 12. 

21. A compound which inhibits the polypeptide of claim 12. 

22. A method for preventing, treating, or ameliorating a medical 
condition wh.ch comprises administering to a mammalian subject a therapeutically 
effective amount of the polypeptide of claims 12-13, the composition of claims 3 ,4- 
15, or of the polynucleotide of claim 1-2. 



23. A method of diagnosing a pathological condition or a 
susceptibility toapathological condition inasubject related to expression or activity of 
a secreted protein comprising: "ivuyor 

(a) determining the presence or absence of a mutation in the 
polynucleotide of claim 1; 

(b) diagnosing a pathological condition or a susceptibility to a 
pathological condition based on the presence or absence of said mutation. 



24. A method of diagnosing a pathological condition or a 
su, re p^ 

a secreted protein comprising: 

(a) determining the presence or amount of expression of the 
polypeptide of claim 12 in a biological sample; 

(b) diagnosing a pathological condition or a susceptibility to a 
pathological condition based on the presence or amount of expression of the 
polypeptide. 



25. A method for identifying binding partner to the polypeptide of 
claim 10 comprising: 

(a) contacting the polypeptide of claim 12 with a binding partner; and 

polypeptide ^ wteher the bindin * P" 0 * an activity of the 
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wherein the JL " ^ » «** * * «***- assay, 

(a) expressing the polypeptide of claim 12 in a cell; 

(b) isolating the supernatant; 

(c) detecting an activity in a biological assay; and 

W) ^ntifyingtheprote.inthesupematant having the activity. 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH; 1674 base pairs 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO • 1 • 

~ C 2222522222«E2 

-15 

CTC GCC GCT GCG CTG CTC CCG CCT ppt „„„ 

l-u Ala Ala Ala Leu Leu Pro Gly III T° °™ ° CG CCC GCC GCC «* 
-10 Is Pr ° Gly Pro ATS Qlu Ala Pro Ala Ala Ala 

2 2 = 2 = 5 = % 2 2 ~ - - « - 

15 20 

GGC GAG GCC ACG GCT TAT rtra upp 

«. «. * £ s S £ £ s « s - s - 

2 5 S S ™ « - ™ ™ s s « ™ « » „ 

40 4 , ec ™ r Val Leu Tyr Pro Glu Tyr 

" 50 

TGG AAA ATG TAC AAG TGT CAP rra » 

*r----^-^£55522£:; 
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434 



482 



530 



578 



626 
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GCT GCA GCA CAT TAT AAT ACA GAG ATC TTG AAA AGT ATT GAT AAT GAG 
Ala Ala Ala His Tyr Asn Thr Glu lie Leu Lys Ser lie Asp Asn Glu 
90 95 100 

TGG AGA AAG ACT CAA TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG 
Trp Arg Lys Thr Gin Cys Met Pro Arg Glu Val Cys lie Asp Val Gly 
105 110 11S 

AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG 
Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val 
120 125 130 

TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC 
Ser val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys 
135 140 145 150 

ATG AAC ACC AGC ACG AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ACA 
Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu III J£ 
155 160 165 

GTG CCT CTC TCT CAA GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT 
Val Pro Leu Ser Gin Gly Pro Lys Pro Val Thr lie ser Phe Ala Asn 
170 "5 aeo 

CAC ACT TCC TGC CGA TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT 674 
Hi. Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val 
i85 190 195 

ttl S T t7 f A ° TG CCA GCA ACA CTA CCA CAG TGT CAG 

^ 9 Ar9 S " Leu Pro Ma Thr L «u Pro Gin Cys Gin 
200 205 210 

GCA GCG AAC AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC 
Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn IE Ss ne 
215 220 225 230 

TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA 
Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly 
235 240 245 

GAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG 
Asp Asp Ser Thr Asp Gly Phe His Asp lie Cys Gly P ro Asn £s Glu 
250 2 55 260 

CTG GAT GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT 
Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro 
265 270 275 

GCC AGC TGT GGA CCC CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT 962 
Ala Ser Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys 

285 290 

GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA 
Val Cys Lys Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn ArJ Glu 



722 



770 



818 



866 



914 



1010 
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320 325 

335 



355 



365 370 



Si p£ ^ ?* GAA ° TG TCT CGT *» GTC CCT TCA TAT TGG 

Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro ITr £r ™ 



385 



390 



s: ss s s s TiAGATOTi ™— 

395 

TTTCTATTAT GGAAAACTGT GTTGCCACAG TAGAACTGTC TGTGAACAGA GAGACCCTTG 
TGGGTCCATG CTAACAAAGA CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA 
GAAATGGACT GGAGCTCATC TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAATGA 
CCAAACAGCC AAGATTTTCC TCTTGTGATT TCTTTAAAAG AATGACTATA TAATTTATTT 
CCACTAAAAA TATTGTTTCT GCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT 
GTGATCAATA TTTTTATATC ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTTAT 
AAAAAAAAAA AAAAAA 



1058 

1106 

1154 

1202 

1250 

1298 

1358 
1418 
1478 

1538 

1598 

1658 

1674 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 419 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



WO 99/46364 

PCT/US99/05021 

-5- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Met His Ser Leu Gly Phe Phe <5^ v=i m ^ 

-23 -20 AU 075 Ser Leu Leu Al * Ala 

" 1S -10 

Ala Leu Leu Pro Gly Pro ^ Glu Wa pro ^ ^ ^ ^ ^ ^ 

1 5 
Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro ^ Ma ^ ^ 

15 20 25 

Thr Ala Tyr Ala Ser Lys Leu Glu Qlu q1r ^ 

" 40 

Ser val Asp Glu Leu Met Thr Val Leu Tyr Pro Glu ryr Trp Lys Met 

50 55 

Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin 

65 70 

Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Al, 

80 85 

His Tyr Asn Thr Glu He Leu Lvs ser n„ » 
90 « Y Ser Ile As P A£ »n Glu Trp Arg Lys 

100 105 
Thr Gin Cys Met Pro Arg Glu Val Cys Ue Asp Val Gly Lys Glu Phe 

115 120 

Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 

130 135 

«y «y «y c oy, ta, s „ Glu 3ly Leu Gln ^ „ et ^ ^ 

145 150 
Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu Ile Thr Val Pro Leu 

160 165 

Ser Gin Gly Pro Lys Pro Val Thr He Ser pi,- »i » 
170 ,,- le Ser Phe Ala Asn His Thr Ser 

175 "0 185 

Cys Arg cys „ et Ser Lys Leu Asp Val Tyr Arg Gin Val „ is Ser Ile 

° 19 = 200 

He Arg Arg Ser Leu Pro Ala Thr r.eu Pro Gin Cys Gin Ala Ala Asn 

210 215 

Lys Thr cys Pro Thr Asn Tyr Met Tm icn * „. 

220 "« ^ ASn Asn Hxs Ile Arg Cys 

225 230 

Leu Ala Gin Glu Asp Phe Met Phe fipr * 

235 ™I hS SSr Ser As P Ala Gly Asp Asp Ser 

245 

Thr Asp Gly Phe His Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Glu 
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Cys 



«■ - 0ln ^ v>1 ^ ^ ^ ^ ^ ^ ^ 

Gly pr ° HU a 0lu - - - <*■ «. ^ w "° lys 

295 

Asn Ly S Leu Phe Pro Ser Gin Cys eiv »i , 

300 n Arg Glu Phe Asp Glu 

310 

- £ ». val g. Ly , ^ Thr ^ ^ ^ ^ ^ 
-J - «, ^ g. ua ^ 01u ^ Jhr 2 5 ^ ^ 



34a 



^ - «*■ £ «. ... fhe „ ls „. Gln Ihr ^ te ^ 

360 

A^g Arg Pro Cys Thr A<5n »v n „i 

Asn Arg 01a Lys Ala Cys Glu Pro Gly phe Ser 

375 

Tyr Ser Glu Glu Val Cys Aro cvs v»i » 

380 385 ° ^ Q1 * Arg Pro 

390 

Gin Met Ser 
395 



(2) INFORMATION FOR SEQ ID 



NO: 3; 



(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 1526 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 

(A) NAME /KEY: sigjeptide 

(B) LOCATION: 71.. 142 

(ix) FEATURE: 

(A) NAME /KEY: ma t _pe P tide 

(B) LOCATION: 143.. 1120 

(ix) FEATURE: 

(A) NAME/KEY: CDS 
'(B) LOCATION: 71. .1120 

(Xi) SEQUENCE DESCRIPTION: SEQ I D N0 . 3 . 
~ GCTTATGCAA _ T ^ 
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AGATGAACTC ATG ACT CTC TAC CCA GAA TAT TOO AAA ATG TAC AAG 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 



-20 _ 15 



TGT CAG CTA AGG AAA GGA GOT T-rr n** o»m 

Cy S Glu Leu Arg Lys Tly Ty S G^ « f ° ^ ^ ° CC ^ 
3 y wy oiy Trp Gin His Asn Arg Glu Gin Ala Asn 

1 5 

CTC AAC TCA AGG ACA GAA GAG ACT & T1 »», ™, 

- ~ s« ^ ^ „. 2 s s £ 2 s s s 2 2 

15 20 

AAT ACA GAG ATC TTG AAA art att n*m 

- * «„ ,u u. £ £ £ £ £ 2 2 S « - « 

30 35 
TGC ATG CCA CGG GAG GTG TGT ATA GAT rrr *». »„„ 

m« „. val ^ n : « ™ « « « m j. « 

45 50 

= £E = 22:£22S22S225 

S0 65 

£ z 2 2 2 2 2 2 2 2 2 s 2 sr * » 

70 7 c Cys Met A* 311 Thr Ser Thr 

8 0 85 

AGC TAC CTC AGC AAG ACG TTA TTT ran tv^ 

- „ u. s „ ^ „ 2 ™ ~ « - s « s s « 

95 100 
GGC CCC AAA CCA GTA ACA ATC ACT TTT rrr 

«y ^ jj. « a . 2 2 2 2 2 2 2 2 2 

no 115 

TGC ATG TCT AAA CTG GAT GTT TAP nra n** „™ 

*. «« s , y , tau „ « 2 2 2 2 2 2 2 2 2 
S2222£2222222-r eM " ,ee 

135 1An yS Gln Ala A 1 * Asn Lys Thr 

A * u 145 

2222 2 2 2 2 2 2 S 6 2 ™ ~ ™ « 

150 i« 3 116 Cys ^3 Leu Ala 

160 165 

CAG GAA GAT TTT ATG TTT TCP rrr „ 

Gin Glu Asp Phe Met p£ £r Ser S ,7 ^ GAT ^ TCA ACA GAT 
^et Pne Ser Ser Asp Ala oiy Asp Asp Ser Thr Asp 

175 180 

S ==S£S:522222-2-£ 



109 



157 



205 



253 



301 



349 



397 



445 



493 



541 



589 



637 



685 



733 



190 195 
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TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 781 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
200 205 210 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAC AAA 829 
Hxs Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
215 220 225 

CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 877 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
230 235 240 245 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 925 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
250 255 260 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG 973 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
265 270 275 

TTA AAA GGA AAG AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG 1021 
Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 



280 285 



290 



CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT AGT 1069 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
295 300 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG CAA AGA CCA CAA ATG 1117 
Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Gin Arg Pro Gin Met 
310 315 320 325 

AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT TTTCTATTAT GGAAAACTGT 1170 
Ser j-t-iv 



1230 
1290 



GTTGCCACAG TAGAACTGTC TGTGAACAGA GAGACCCTTG TGGGTCCATG CTAACAAAGA 
CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GGAGCTCATC 
TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAAT6A CCAAACAGCC AAGATTTTCC 1350 
TCTTGTGATT TCTTTAAAAG AATGACTATA TAATTTATTT CCACTAAAAA TATTGTTTCT 1410 
GCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTAxATC 
ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTTAT AAAAAAAAAA AAAAAA 



1470 
1526 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 350 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
«et Thr Val Leu Tyr Pro Glu ^ Trp Lys ^ ^ ^ 

-15 

" -10 
Ar 3 ,ys o ly c.y Trp cl„ His „, „ „ G1 „ Ua _ ^ ^ ^ 

1 5 

Arg Thr Glu Glu Thr He Lys Phe Ala Ala m = „• 

10 *" ^ a Ala Ala Hls Tyr Asn Thr Glu 

" 20 

"I ^ ^ "* "* »* — MU *** »» a. Cys „et Pro 

35 

«. Glu vi cy S n. „ „ al 01y Lyo Glu phe My ^ ^ J° 

Thr Phe Phe ,ys p ro Pro ^ v>1 s „ ^ ^ ^ ^ ^ 

55 70 
Cy» «. ser «„ „ ^ 31n „. t ls „ ^ ^ ^ ^ 

80 85 
Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin Gly Pro Lys 

95 100 
Pro val Thr He Ser Phe Ala Asn His Thr Ser Cys Ar 3 cy S Met Ser 

Leu Asp val Tyr Ar g Gin Val His Ser He lie Arg Arg Ser Z 

130 13£J 

Pro Ala Thr Leu Pro Gin Cvs Gin ai = m » 

in cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 

145 150 

*- *r Met n, to ais ^ ^ ^ ^ u> 8la ^ 

b0 165 

*»e « p he ser Ser „ „ Uy lsp tep s „ ^ ^ 

X/b 180 

£ Ue Cy. 01 y Pro j_ , ys 01u ^ ^ ^ ^ ^ ^ ^ ^ 

195 200 
Val Cys Arg Ala Gly Leu Arg Pro Ala Ser n, „ 

205 , 0X8 Qly Pro His Lys Glu 

210 215 

Leu Asp Arg Asn Ser Cys Gin Cvs Val rv,o r 

220 ^ „il ^ S LyS Asn L V S L «« Phe Pro 

225 230 

Ser Gin Cys Gly Ala Asn Arg Glu Phe Asn ai« » ,u 

235 Glu Thr Cys Gin Cys 



240 245 
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val Cys Lys Arg Thr Cys Pro Arg Asn Gin , T 

2S0 ' ° rg Gln p ro Leu Asn Pro Gly Lys 

^ 260 

cy. «a c ys olu ^ £ „ ser Pro „ tya ^ uy ^ ^ 

275 2B0 



Lys Lys Phe His His Gin Thr Cv* n «. 

285 2? *** Pro Cys Thr 

90 295 
Asn Arg Gin Lys Ala Cys G lu Pro Gly Phe Ser Tvr c „ 

300 30? U Glu Val 

310 

Cys Arg Cys Val Pro Ser Tvr to ri„ > „ 

315 er Trp Gin Ar g Pro Qln Mefc ^ 

320 32S 
(2) INFORMATION FOR SEQ ID NO:S: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 19S amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : not relevant 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

-t Arg Thr Leu Ala Cys Leu Leu LeU Leu Gly Cys Gly T yr Leu Ala 

10 15 

His Val Leu Ala Glu Glu Ala Glu ti» d . 

2o Ala Glu lie Pro Arg Glu Val n e Glu Arg 

J5 30 
Leu Ala Arg Ser Gin He His Ser ti= * 

35 " !? r Ile Ar 3 A SP Leu Gin Arg Leu Leu 

45 

Glu He Asp Ser Val Glv Ser m„ , 

5Q * Gly ser Glu Asp Ser Leu Asp Thr Ser Leu Arg 

60 

JJ. His Gly val His Ala Thr Lys His Val Pro Glu Lys Arg Pro Leu 



75 80 



Pro He Arg Arg Lys Arg Ser He m„ ~i 

/ a *er n e G lu Glu Ala Val Pro Ala Val Cys 

90 95 
Lys Thr Arg Thr Val He Tvr gi„ T i « 

100 ° 1U "J Pro Ar * ^r Gin Val Asp Pro 

110 

Thr Ser Ala Asn Phe Leu H e Tm d 

115 6 Pr ° Pro ^ Val Glu Val Lys Arg 

120 125 

Cys Thr Gly cys Cys Asn Thr Ser Ser v.i r « 

130 13 g Ser Ser Val L ys Cys Gin Pro Ser Arg 

140 
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vu «. «. tog s „ Lys val ^ ^ ^ ^ ^ ^ 

^ „, „ g. 01u val 0ln vaI M9 ^ u oiu oiu his Leu 2 

170 1?5 

«. py. *. * Thr s „ ta pro ^ ^ 

185 , 190 

Thr Asp val Arg 
195 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 241 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
<D> TOPOLOGY : not relevant 

(ii) -MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:6 : 

Met Asn Arg Cys Trp Ala Leu Phe Leu Ser r.„ rv „ 

1 5 r Leu Tyr Leu Arq 

10 15 

-u Val ser Ala Glu Gl y Asp Pro n e Pro ^ ^ ^ ^ ^ ^ 

- Ser Asp „ is Ser ne Arg ^ ^ 2 g ^ 

45 

Hi. «, Asp «, 01 „ ». „ Gly „. ^ ^ ^ ^ 

~ S.r «U s„ CJ, 01y 01u ^ Qlu s „ Le " u ui ^ my ^ 

75 80 

Arg Ser Leu Gly Ser Leu Thr- 

y r Thr Ile Ma Glu pro Aia ne 

90 95 
Cys Lys Thr Arg Thr Glu Val Phe Glu ti c 

100 S Ile Ser Ar 9 Arg Leu Ile Asp 

110 

Arg Thr Asn Ala Asn Phe Leu Val Tm » 

115 J" Trp Pro Pr ° Cys val Glu Val Gin 



120 

125 



** s: set ol/ *• s - «- v al 01 „ cya Rrs Pro „ 

140 

Gin Val Gin Leu Arg Pro Val Gin v»i * 

"S 3 150 Val Gln v *l Arg Lys n e G lu He Val Arg 



155 160 
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L ys Lys Pro He Phe Lys Lys M . Thr val Thr ^ His Leu 

170 175 



Ala Cys Lys Cys Glu Thr Val Ala Ala Al* ~ 

180 Ala Pro Val Thr Arg Ser 

185 190 
«. «„ set el „ », 0l „ AU ^ ^ ^ ^ ^ 

^ UU 205 

Th, a. Mg ^ val jjj ^ irs Pro pro Lys 

215 220 
Lys Pfae Lys His Thr His Asp Lys Thr ai» t t 

225 23 Q P UyS Thr W» Leu Lys Glu Thr Leu Gly 



Ala 



235 240 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH : 232 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: protein 



(xij SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Asn Phe Leu Leu Ser Trp Val His c » , 

1 c P 1 Hls Tr P Ser Leu Ala Leu Leu Leu 

10 15 

Tyr Le U His His Ala Lys Trp Ser Pin 

2Q ys rrp ser Gin Ala Ala Pro Met Ala Glu Gly 



25 30 



Gly Gly Gin Asn His His Glu Val Val T«e m, . 

35 Val ^ Phe Met Asp Val Tyr Gin 

45 



*. - ^ c «. a. 01u Ihr ^ yal Asp ne o ^ 

60 

Tyr Pro Asp Glu He 0 lu Tyr He Ph» t « 

65 ?0 ^ Ile Phe Pro ser Cys Val Pro Leu 

75 

« ^ c Gly „ y c ^ sen Ajp ^ ^ ^ ^ ^ 2 
- «. «. s« IU Met j; IU ^ ^ ne ^ ^ 

05 110 

Gin Gly Gin His He Gly qi u Met Ser Ph« t „, 

115 y U Ser Phe Leu Gin His Asn Lys Cys 



120 125 
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01« Cys Arg Pro Lya Lys Asp Arg Ala Arg Gin Glu Lys Lys Ser Va l 

135 140 



Arg Gly Lys Gly Lys Gly Gin Lys Arg Lys Arg Lys Lys Ser Arg Tyr 

150 "S 160 

Lys Ser Trp Ser Val Tyr Val Gly Ala Arg Cys Cys Leu Met Pro Trp 

165 170 17S 

Ser Leu Pro Gly Pro His Pro Cys Gly Pro Cys ser Glu Arg Arg Lys 

185 190 
His Leu Phe val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn 

200 205 
Thr Asp Ser Arg Cys Lys ^ Arg Gin Leu Glu Leu Asn Glu Arg Thr 



215 220 



Cys Arg Cys Asp Lys Pro Arg Arg 
225 230 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Pro Xaa Cys Val Xaa Xaa Xaa Arg Cys Xaa Gly Cys Cys Asn 
5 10 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
ATGCTTCCGG CTCGTATG 
(2) INFORMATION FOR SEQ ID NO: 10 : 

.(i) SEQUENCE CHARACTERISTICS: 



18 
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(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGGTTTTCCC AGTCACGAC 

18 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCACATGGTT CAGGAAAGAC A 

21 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TGTAATACGA CTCACTATAG GGATCCCGCC ATGGAGGCCA CGGCTTATGC 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
GATCTCTAGA TTAGCTCATT TGTGGTCT 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 14 : 
CGCGGATCCA TGACTGTACT CTACCCA 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CGCTCTAGAT CAAGCGTAGT CTGGGACGTC GTATGGGTAC TCGAGGCTCA TTTGTGGTCT 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3974 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GGTACCTAAG TGAGTAGGGC GTCCGATCGA CGGACGCCTT TTTTTTGAAT TCGTAATCAT 
GGTCATAGCT GTTTCCTGTG TGAAATTGTT ATCCGCTC*C AATTCCACAC AACATACGAG 120 
CCGGAAGCAT AAAGTGTAAA GCCTGGGGTG CCTAATGAGT GAGCTAACTC ACATTAATTG 180 
CGTTGCGCTC ACTGCCCGCT TTCCAGTCGG GAAACCTGTC GTGCCAGCTG CATTAATGAA 240 
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tcggccaacg C gcggggaga 

GCCCTCGOTC GTTCGGCTGC GGCGAGCGG, ATCAGCrCAC , 
TAATACGGTT ATCCACAGAA 1aa „ m 

agcaaaaggc caggaaccgt aaaaaggccg coracTOJC GTmTcOT 

CCCCTGACGA GC.^CAAA „»«, GTGGCGAAAC CCGACAGGAC 

TATAAAGATA CCAGGCGTTT CCernvvii* 

TTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC 

TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG 18 rr. 

i i-(_l_TTCGGG AAGCGTGGCG CTTTCTCATA 

GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG CTCCA*^ 

^ 1ACG CTCCAAGCTG GGCTGTGTGC 

AC^CCCCC CG^CAGCCC GACCGCTGCG CCTTATCCGG TAACTATCGT C^AG^A 

«=cgg T aag acaogao™ rcxacKC cmiQ 

CGAGGTA TOI ACAQAGTTCT 

<»AGAACAG T ATTTGGTATC Tac^c XGAAGC^ ISCCITC0GA 
ATCCGGCAAA CAAACCACCO C^AGCGG 

— C TTTGATCTTT XOTACGGGG, 

CTGACGCTCA GTGGAACGAA AACTCACTTT 

AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCGTCGA 

CAATTCGCGC GCGAAGGCGA AGCGGCATGC ATTTACGTTG ,r,n, 

11TACGTTG ACACCATCGA ATGGTGCAAA 

ACCTTTCGCG GTATGGCATG AT.GCGCCOG GAAGAGAGTC AATTCAGGGT GC^ 
AAACCAGTAA ■»» TCIC gcagAG TATGCCGGTG „«, 
CGCGTGGTGA A^AGGCCAG OC^ 

^gc^agc toaattacat TC ccaaccgc gtggcacaac aac^ggo caaacag to 

«—« -™*CAC CCCAG^ 

GCGATTAAAT CTCGCGCCGA TCAACTGGGT GCCAGCGTGG ^a, GG7AGAACGA 
AAGCCTGTAA AGCGGCGGTG CACAATC^ TCGCGCAACG CGTCAGTGGG 
AC™ GGATGACCAG GATGCCATTG CTGTGGAAGC TGCCGCAC 
AATGTTCCGG „«, GACCAGACAC CCATCAACAG Kmmic 

TCCCATGAAG ACOGXACGCG ACTGGGCGTG GAGCATCTGG TCGCATTCGG TCACCAGCAA 
ATCGCGCTGT TAGCGGGCCC A^C, GTCTCGGCGC GTCTGCQTCT GGCTGGCTGG 
CATAAATATC ^ m »«™ CCGATAGCGG AACGGGAAGG CGACTGGAGT 



300 
360 
420 
480 
540 
600 
650 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
13B0 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
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GCCATGTCCG GTTTTCAACA AACCATGCAA ATGCTGAATG AGGGCATCGT TCCCACTGCG 
ATGCTGGTTG CCAACGATCA GATGGCGCTG GGCGCAATGC GCGCCATTAC CGAGTCCGGG 
CTGCGCGTTG GTGCGGATAT CTCGGTAGTG GGATACGACG ATACCGAAGA CAGCTCATCT 
TATATCCCGC CGTTAACCAC CATCAAACAG GATTTTCGCC TGCTGGGGCA AACCAGCGTG 
GACCGCTTGC TGCAACTCTC TCAGGGCCAG GCGGTGAAGG GCAATCAGCT GTTGCCCGTC 
TCACTGGTGA AAAGAAAAAC CACCCTGGCG CCCAATAOGC AAACCGCCTC TCCCCGCGCG 
TTGGCCGATT CATTAATGCA GCTGGCACGA CAGGTTTCCC GACTGGAAAG CGGGCAGTGA 
GCGCAACGCA ATTAATGTAA GTTAGCGCGA ATTGTCGACC AAAGCGGCCA TCGTGCCTCC 
CCACTCCTGC AGTTCGGGGG CATGGATGCG CGGATAGCCG CTGCTGGTTT CCTGGATGCC 
GACGGATTTG CACTGCCGGT AGAACTCCGC GAGGTCGTCC AGCCTCAGGC AGCAGCTGAA 
CCAACTCGCG AGGGGATCGA GCCCGGGGTG GGCGAAGAAC TCCAGCATGA GATCCCCGCG 
CTGGAGGATC ATCCAGCCGG CGTCCCGGAA AACGATTCCG AAGCCCAACC TTTCATAGAA 
GGCGGCGGTG GAATCGAAAT CTCGTGATGG CAGGTTGGGC GTCGCTTGGT CGGTCATTTC 
GAACCCCAGA GTCCCGCTCA GAAGAACTCG TCAAGAAGGC GATAGAAGGC GATGCGCTGC 
GAATCGGGAG CGGCGATACC GTAAAGCACG AGGAAGCGGT CAGCCCATTC GCCGCCAAGC 
TCTTCAGCAA TATCACGGGT AGCCAACGCT ATGTCCTGAT AGCGGTCCGC CACACCCAGC 
CGGCCACAGT CGATGAATCC AGAAAAGCGG CCATTTTCCA CCATGATATT CGGCAAGCAG 
GCATCGCCAT GGGTCACGAC GAGATCCTCG CCGTCGGGCA TGCGCGCCTT GAGCCTGGCG 
AACAGTTCGG CTGGCGCGAG CCCCTGATGC TCTTCGTCCA GATCATCCTG ATCGACAAGA 
CCGGCTTCCA TCCGAGTACG TGCTCGCTCG ATGCGATGTT TCGCTTGGTG GTCGAATGGG 
CAGGTAGCCG GATCAAGCGT ATGCAGCCGC CGCATTGCAT CAGCCATGAT GGATACTTTC 
TCGGCAGGAG CAAGGTGAGA TGACAGGAGA TCCTGCCCCG GCACTTCGCC CAATAGCAGC 
CAGTCCCTTC CCGCTTCAGT GAr^ACGTCG AGCACAGCTG CGCAAGGAAC GCCCGTCGTG 
GCCAGCCACG ATAGCCGCGC TGCCTCGTCC TGCAGTTCAT TCAGGGCACC GGACAGGTCG 
GTCTTGACAA AAAGAACCGG GCGCCCCTGC GCTGACAGCC GGAACACGGC GGCATCAGAG 
CAGCCGATTG TCTGTTGTGC CCAGTCATAG CCGAATAGCC TCTCCACCCA AGCGGCCGGA 
GAACCTGCGT GCAATCCATC TTGTTCAATC ATGCGAAACG ATCCTCATCC TGTCTCTTGA 
TCAGATCTTG ATCCCCTGCG CCATCAGATC CTTGGCGGCA AGAAAGCCAT CCAGTTTACT 



1980 

2040 

2100 

216C 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 

3600 



Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Al 



20 2S 



a Ala Ala Ala Phe 
30 



3660 
3720 
3780 
3840 
3900 
3960 
3974 
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TTGCAGGGCT TCCCAACCTT ACCAGAGGGC GCCCCAGCTG GCAATTCCGG TTCGCTTGCT 
GTCCATAAAA CCGCCCAGTC TAGCTATCGC CATGTAAGCC CACTGCAAGC TACCTGCTTT 
CTCTTTGCGC TTGCGTTTTC CCTTGTCCAG ATAGCCCAGT AGCTGACATT CATCCGGGGT 
CAGCACCGTT TCTGCGGACT GGCTTTCTAC GTGTTCCGCT TCCTTTAGCA GCCCTTGCGC 
CCTGAGTGCT TGCGGCAGCG TGAAGCTTAA AAAACTGCAA AAAATAGTTT GACTTGTGAG 
CGGATAACAA TTAAGATGTA CCCAATTGTG AGCGGATAAC AATTTCACAC ATTAAAGAGG 
AGAAATTACA TATG 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 112 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
AAGCTTAAAA AACTGCAAAA AATAGTTTGA CTTGTGAGCG GATAACAATT AAGATGTACC 
CAATTGTGAG CGGATAACAA TTTCACACAT TAAAGAGGAG AAATTACATA TG 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 419 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Met His ser Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 
5 10 15 



60 
112 



Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala 
35 40 45 
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Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gln Leu ^ ger ^ ^ 



55 



60 



Ser Val Asp oiu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met 
70 " 80 

Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin 

85 — 



90 



Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala 



100 



105 



95 



Ala Ala 



110 



His Tyr Asn Thr Glu lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys 



Thr Gin Cys Met Pro Arg Glu Val Cys Ue Asp Val Gly Lys Glu 



135 140 



125 

Phe 



Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 



155 



160 



Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr 
165 17 ° 175 



Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu 

loU IOC 

185 190 

Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser 

200 205 

Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He 

215 220 



lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
230 235 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His U e C ys Arg Cys 



250 



255 



Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser 

265 270 
Thr Asp Gly Phe His Asp Ue Cys Gly Pro Asn Lys Qlu Leu Agp ^ 

280 285 



Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys 

295 300 
Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys 

315 320 
Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu 



330 



Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg 



335 



Asn Gin Pro 
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345 



350 



Leu A sn Pro oiy Ly s Cys Ala Cys ai« Cys Thr oi„ Ser Pro Gin Lys 



365 



Cys Leu Leu Lys Gly Lys Lys Phe His Hi 



370 



375 



His Gin Thr Cys Ser Cys Tyr 



380 



Arg Arg Pm C ys Thr , ^ Gln Lys ^ ^ ^ ^ ^ ^ 

390 395 400 

Tyr Ser Glu Glu Val Cys Ara r vc Va i « 

405 V Pr ° Ser Tyr Tr P Gi » Arg Pro 

410 415 

Gin Met Ser 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCAGCACATA TGACAGAAGA GACTATAAAA 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
GCAGCAGGTA CCTCACAGTT TAGACATGCA 

30 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21; 
GCAGCAGGTA CCTCAACGTC TAATAATGGA 

(2) INFORMATION FOR SEQ ID NO: 22; 

(i) SEQUENCE CHARACTERISTICS * 

(A) LENGTH : 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
GCAGCAGGAT CCCACAGAAG AGACTATAAA 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
GCAGCATCTA GATCACAGTT TAGACATGCA 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGv. ii near 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
GCAGCAGGAT CCCACAGAAG AGACTATAAA ATTTGCTGC 
(2) INFORMATION FOR SEQ ID NO: 25: 



30 



30 



30 



39 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
GCAGCATCTA GATCAACGTC TAATAATGGA ATGAAC 

36 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 
GATCGATCCA TCATGCACTC GCTGGGCTTC TTCTCTGTGG CGTGTTCTCT GCTCG 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



55 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GCAGGGTACG GATCCTAGAT TAGCTCATTT GTGGTCTTT 

39 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 
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GACTGGATCC GCCACCATGC ACTCGCTGGG CTTCTTCTC 
(2) INFORMATION FOR SEQ ID NO: 29: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH; 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 



<xi) SEQUENCE DESCRIPTION: SEQ ID : 
GACTGGTACC TTATCACATA AAATCTTCCT GAGCC 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



<Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 0 : 
GACTGGATCC GCCACCATGC ACTCGCTGGG CTTCTTCTC 
(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 
GACTGGTACC TTATCAGTCT AGTTCTTTGT GGGG 

34 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE; cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO; 3. 
GACTGGATCC GCCACCATGC ACTCGCTGGG CTTCTTCTC 
(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO 
GACTGGTACC TCATTACTGT GGACTTTCTG TACATTC 
(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
GCAGCAGGAT CCACAGAAGA GACTATAAAA TTTGCTGC 
(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CGTCGTTCTA GATCACAGTT TAGACATGCA TCGGCAG 
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